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METHODS OF TRANSCRIPTIONALLY MODULATING EXPRESSION OF 
5 ONCOGENES AMD TUMOR SUPPRESSOR GENES 

This application is a continuation-in-part of U.S. Serial 
No. 644,293, filed January 18, 1991, the contents of 
which are hereby incorporated by reference into the 
10 present application. 

Background of the Inventjop 

Throughout this application, various publications are 
15 referenced by Arabic numerals within parentheses. Full 
citations for these publications nay be found at the end 
of the specification immediately preceding the claims. 
The disclosures of these publications in their entireties 
are hereby incorporated by reference into this 
20 application in order to more fully describe the state of 
the art as known to those skilled therein as of the date 
of the invention described and claimed herein. 

The genomes of higher eucaryotic cells contain specific 
25 genes that, when activated by any one of several 
mechanisms, are capable of transforming normal cells to 
the malignant state. These genes, termed oncogenes, can 
be loosely defined as genes whose abnormal expression or 
altered gene product directly contributes to the 
30 production of the malignant phenotype. More than 50 such 
oncogenes have been identified thus far, and current 
estimates suggest that as many as 200 may be found to 
exist. 

35 Oncogenes derive from normal cellular progenitors, called 
proto-oncogenes, many of which code for proteins which 
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are involved in cell divisi n or differentiation. Proto- 
oncogene encoded products include growth factor-like 
molecules ( | qt -2 ) , receptors with tyrosine kinase 
activity (c-£EfeB2), nuclear proteins (c-rovc) , membrane 
5 bound proteins with GTPase activity f ras ) , transcription 
factors (c-ism) and hormone receptors (c- erb& i) (58) . The 
generation of oncogenes from their non-transforming 
homologues can occur via several different mechanisms; 
(a) retroviral transduction of proto-oncogenes from a 

10 donor cell to host cell during viral replication, placing 
the donor's proto-oncogene under control of the strong 
retroviral promoter and resulting in the constitutive 
over production of a normal protein or in a mutated 
activation of the protein as a consequence of the 

15 transduction event, (b) gene amplification, leading to an 
increased concentration of the proto-oncogene product (c) 
binds to DNA or RNA, or chromosomal translocation, 
resulting in either a novel fusion protein with increased 
biochemical activity or else overproduction of the 

20 translocated cellular gene product by virtue of its 
placement in proximity to another cellular gene's strong 
promoter (d) mutation within a proto-oncogene 1 s coding 
region resulting in a protein product with altered 
biochemical function (s ) . 

25 

Although a relatively large number of oncogenes with 
potential transforming capabilities exist, the majority 
have not been implicated in human malignancies. Only 
about 10 oncogenes have been clearly demonstrated to be 
30 involved in human disease. 

Recently, a set of cellular genes different from 
ncogen s, namely tumor suppress r g nes or anti- 
oncogenes, have been implicat d in tumorigenesis . Anti- 
35 oncogenes have be n defin d as g n s whos repr ssion, 
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inactivation, dysfunction r loss results in c 11 
transformation. Tumor suppressor genes has been defined 
experim ntally as g nes whose introduction , activation or 
expression results in the inhibition or suppression of 
5 the tumor igenic phenotype. Clearly these definitions are 
not mutually exclusive, anti-oncogenes can function as 
tumor suppressor genes and vice-versa. The biochemical 
function (s) of anti-oncogene products remain to be 
elucidated; however, two anti-oncogene products, Rb, the 

10 protein product of the cellular retinoblastoma gene, and 
p53, have been shown to bind transforming viral proteins. 
Loss or inactivation of anti-oncogenes (by allelic 
deletion or mutational alteration) may therefore be 
involved in tumorigenesis by their failure to interact 

15 with and suppress the activity of transforming oncogenes. 
In several cases a direct role of tumor suppressor in 
control of the cell cycle has been implied. 



As stated previously, only a limited number of oncogene 
20 and anti-oncogenes have been shown to be present in human 
cancers. Within this group, an even smaller number are 
thought to play a critical role in a large percentage of 
specific cancers or multiple type of neoplasias. The 
following is a brief description of those genes which 
25 belong to this latter category. 



A. ras: in mammalian species, the ras family of proto- 
oncogenes consists of three closely related members, 
termed K, K, and N -ras . Each codes for a 21 kd 

30 protein (p21) with GTP binding and hydrolysis 

activities. The most common mechanism of activation 
of the ras oncogene is a signal point mutation, 
frequently occurring in the protein's twelfth codon, 
which results in a decreased GTPase activity and a 

35 c ncomitant acquisition f transforming potential in 
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experim ntal systems. Furtherm re, £a§ mutations 
ar found in a large perc nt of cancers, supporting 
the supposition that the mutated protein's altered 
biochemical function plays a critical role in 
neoplasias- Specifically, mutated K-jas has been 
found in adenocarcinoma of the lung, colon and 
pancreas, occurring in 30%, 50% and greater than 70% 
of those tumors, respectively (1,2) 

K -ras mutations have also been reported in 
over 20% of melanoma tumor samples 
recently examined (3) . Between 50 and 70% 
of the different tumor types are 
refractory to current methods of therapy 
and eventually prove fatal. 

In addition to the preponderance of mutated ras 
protein in human cancer, a number of reports 
suggests a link between overexpression of the normal 
yas gene and neoplastic transformation (4,5,6). 
Regardless of the mechanism of activation, the £as 
oncogene is the most implicated of all oncogenes in 
its wide range and high percentage that is found in 
a variety of human neoplasias. 

g£bB2 (neu): The ££bB2 gene encodes a 185 Kd 
transmembrane protein-tyrosine kinase which closely 
resembles the E6F receptor. Amplification of the 
ei£B2 gene has been found to occur in 30% of breast 
cancer (7). Amplification is found in both early 
and late stages of disease, and is maintained in the 
metastases. Furthermore, there is a direct 
correlation between gene amplification and 
overexpr ssion of the g£feB2 protein, although 
numerous examples of tumors which overexpress 
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pr tein in the absence of gen amplificati n also 
xist. Over xpression of the erb B2 prot in also 
occurs in 30% of varian cancers* In both tumor 
types, erb B2 overexpression correlates with poor 
patient prognosis, with a shorter time to relapse as 
well as a decreased overall survival rate* 

In experimental systems, overexpression of the 
normal human erb B2 gene in murine fibroblasts to 
levels similar to those in human breast and ovarian 
cancers have been shown to induce cell 
transformation (8,9). In addition, erb B2 

overexpression in the human KCF-7 breast cancer line 
allows these cells to grow as tumors in nude mice. 
Furthermore, monoclonal antibodies to human erb B2 
have specific anti-proliferative effects in vitro of 
human breast tumor cells which overexpress erb B2 
(10) . These and other data strongly suggest that 
the erb B2 gene plays an important role in the onset 
and progression of breast and other cancers* 

p53: The first host protein shown to bind 
specifically to the product of a DNA tumor virus 
oncogene (SV40 large T-antigen) was p53 (11,12)* 

Recent studies examining the genetic alterations 
which occur during the development of colorectal 
tumors have indicated a common mutation to be 
deletions of the short arm of chromosome 17, the 
region where the p53 gene is located* Chromosome 
17p deletions are often late events associated with 
the transition from the benign (adenomatous) to the 
malignant (carcinomatous) state (13) . In a vast 
majority of colorectal carcinomas examined, allelic 
deletions of 17p were found to occur. The remaining 
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p53 allele was shown to contain point mutations 
suggesting that p53 gene mutati ns may be involved 
in colorectal neoplasias, perhaps through 
inactivation of a tumor suppressor function of the 
5 wild type p53 gene (14) . Allelic loss of p53 

(chromosome 17p) has also been observed in a large 
number of breast and lung tumors analyzed. In a 
study involving a limited number of hepatocellular 
carcinoma-derived cell lines, six of seven showed 
10 p53 abnormalities (15) suggesting a general 

mechanism of p53 inactivation in several different 
human neoplasias (16,17,18) Recently specific 
mutations in p53 have been found in a large 
percentage of cases of malignant melanoma. 



15 



The specific cellular function of p53 has not yet 
been determined, although several lines of evidence 
suggest a role in the regulation of DNA replication 
(19) . Loss of one p53 allele followed by mutational 

20 inactivation of the remaining allele could therefore 

result in a mutated p53 protein incapable of 
carrying out its normal function, one proposed 
function being tumor suppressor activity. There is 
increasing evidence that mutated p53 may play an 

25 active role in transformation suggesting that p53 

may act as either an oncogene or an anti -oncogene 
depending on whether it is mutant or wild-type. 

Pharmaceuticals which increase or decrease the expression 
30 of oncogenes, anti-oncogenes or tumor suppressor genes 
will have important clinical applications for the 
treatment of various neoplasias. We describe herein a 
method for discovery of compounds which modulate the 
expression of these genes and describe the use of such 
35 compounds. The g neral appr ach is to scr en compound 
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librari s for substanc s which increas or decrease 
expression £ oncogenes, anti-oncogen s, tumor suppressor 
gen s or proto-oncog n s. 

5 The expression of a specific gene can be regulated at any 
step in the process of producing an active protein. 
Modulation of total protein activity may occur via 
transcriptional, transcript-processing, translational or 
post-translational mechanisms. Transcription may be 

10 modulated by altering the rate of transcriptional 
initiation or the progression of RNA polymerase (28) • 
Transcript -processing may be influenced by circumstances 
such as the pattern of RNA splicing, the rate of mRNA 
transport to the cytoplasm or mRNA stability. This 

15 invention concerns the use of molecules which act by 
modulating the in vivo concentration of their target 
proteins via regulating gene transcription. The 
functional properties of these chemicals are distinct 
from previously described molecules which also affect 

20 gene transcription. 

Researchers have documented the regulation of 
transcription in bacteria by low molecular weight 
chemicals (20, 21). Extracellular xenobiotics, amino 
25 acids and sugars have been reported to interact directly 
with an intracellular proteinaceous transcriptional 
activator or repressor to affect the transcription of 
specific genes. 

30 Transcriptional regulation is sufficiently different 
between procaryotic and eucaryotic organisms so that a 
direct comparison cannot readily be made. For example, 
procaryotic cells lack a distinct membrane bound nuclear 
compartment. Furthermore the structure and organization 

35 of procaryotic DNA 1 ments resp nsible for initiation of 
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transcription differ markedly from thos of eucaryotic 
cells. 



The eucaryotic transcriptional unit is much more complex 
5 than its procaryotic counterpart and consists of 
additional elements which are not commonly found in 
bacteria, including enhancers and other cis-acting DNA 
sequences (22, 23). Procaryotic transcription factors 
most commonly exhibit a "helix-turn-helix" motif in the 

10 DNA binding domain of the protein (24, 25). Eucaryotic 
transcriptional factors frequently contain a "zinc 
finger" (25, 26), "helix-loop-helix" or a "leucine 
zipper" (27) in addition to sometimes possessing the 
"helix-tum-helix" motif (28) . Furthermore, several 

15 critical mechanisms at the post-transcriptional level 
such as RNA splicing and polyadenylation are not 
typically found in procaryotic systems (29, 30). 



In higher eucaryotes, modulation of gene transcription in 
20 response to extracellular factors can be regulated in 
both a temporal and tissue specific manner (31) . For 
example, extracellular factors can exert their effects 
by directly or indirectly activating or inhibiting 
tissue specific transcription factors (31, 32) . 

25 

Modulators of transcription factors involved in direct 
regulation of gene expression have been described, and 
include those extracellular chemicals entering the cell 
passively and binding with high affinity to their 
30 receptor-transcription factors. This class of direct 
transcriptional modulators include steroid hormones and 
their analogs, thyroid hormones, retinoic acid, vitamin 
Dj and its derivatives, and dioxins, a chemical family of 
polycyclic aromatic hydrocarbons (26, 33, 34). 



35 
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Di xins ar molecules generally known to modulat 
transcription, however, dioxins bind to 
naturally-occurring receptors which respond normally to 
xenobiotic agents via transcriptionally activating the 
5 expression of cytochrome P450, part of an enzyme involved 
in detoxification. Similarly, plants also have naturally 
occurring receptors to xenobiotics to induce defense 
pathways. For example, the fungal pathogen Phvtonhthora 
meoasperma induces an anti-fungal compound in soybeans. 
10 Such molecules which bind to the defined ligand binding 
domains of such naturally occurring receptors are not 
included on the scope of this invention. 

The clinical .use of steroid hormones, thyroid hormones, 
15 vitamin D, and their analogs demonstrates that agents 
which modulate gene transcription can be used for 
beneficial effects, although these agents can exhibit 
significant adverse side effects. Obviously, analogs of 
these agents could have similar clinical utility as their 
20 naturally occurring counterparts by binding to the same 
ligand binding domain of such receptors. These types of 
molecules do not fall within the scope of this invention 
because they function by binding to the ligand -binding 
domain of a receptor normally associated with a defined 
25 physiological effect. 

Indirect transcriptional regulation involves one or more 
signal transduction mechanisms. This type of regulation 
typically involves interaction with a trans-membrane 

30 signal transducing protein, the protein being part of a 
multistep intracellular signaling pathway, the pathway 
ultimately modulating the activity of nuclear 
transcription factors. This class of indirect 
transcriptional modulators include polypeptide growth 

35 factors such as platelet-derived growth factor, epidermal 
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growth fact r, cyclic nucleotide analogs, and mitogenic 
tumor promoters such as PMA (35, 36, 37). 

It is well documented that a large number of chemicals, 
5 both organic and inorganic, e.g. metal ions, can 
non-specifically modulate transcription. Most heavy 
metals modulate gene expression through receptors in a 
mechanism similar to that employed by dioxin, steroid 
hormones, vitamin D3 and retinoic acid. 

10 

Researchers have used nucleotide analogs in methods to 
non-specifically modulate transcription. The mechanism 
involves incorporating nucleotide analogs into nascent 
mRNA or non-specifically blocking mRNA synthesis. 
15 Similarly, researchers have used alkylating agents, e.g. 
cyclophosphamide, or intercalating agents, e.g. 
doxorubicin, to non-specifically inhibit transcription. 

Moreover, chemical inhibitors of hydroxymethyl-glutaryl 
20 CoA reductase, e.g. lovastatin, are known to indirectly 
modulate transcription by increasing expression of 
hepatic low density lipoprotein receptors as a 
consequence of lowered cholesterol levels. 

25 Signal effector type molecules such as cyclic AMP, 
diacylglycerol, and their analogs are known to 
non-specifically regulate transcription by acting as part 
of a multistep protein kinase cascade reaction. These 
signal effector type molecules bind to domains on 

30 proteins which are thus subject to normal physiological 
regulation by low molecular weight ligands (38, 39) • 

The specific use of sterol regulatory elements from the 
LDL receptor gene to control expression of a r porter 
35 gene has r cently be n documented in PCT/US88/10095. One 
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asp ct f PCT/US88/10095 d als with the use of specific 
sterol regulatory lements coupled to a rep rter as a 
means to screen for drugs capable f stimulating cells to 
synthesize the LDL receptor. PCT/USB8/10095 describes 
5 neither the concept of simultaneously screening large 
numbers of chemicals against multiple target genes nor 
the existence of transcriptional modulators which (a) do 
not naturally occur in the cell, (b) specifically 
transcriptionally modulate expression of the gene 

10 encoding the oncogene or tumor suppressor gene product, 
and (c) binds to DNA or RNA, or bind to DNA or RNA or 
bind to a protein through a domain of such protein which 
is not a defined ligand binding domain of a nuclear, 
transcriptionally activating receptor which naturally 

15 occurs in the cell, the binding of a ligand to which 
ligand binding domain is normally associated with a 
defined physiological effect. The main focus of 
PCT/US88/10095 is the use of the sterol regulatory 
elements from the LDL receptor as a means to inhibit 

20 expression of toxic recombinant biological s. 

The use of molecules to specifically modulate 
transcription of oncogenes and tumor suppressor genes as 
described herein has not previously been reported and its 

25 use will bring surprise since available literature does 
not propose the use of a molecule, as described, in a 
method to specifically modulate transcription. Instead, 
the available literature has reported methods which 
define domains of transcriptional regulating elements of 

30 a gene. 

Further, the practice of using a reporter gene to analyze 
nucleotide sequences which regulate transcription of a 
gene-of -interest is well documented. The demonstrated 
35 utility f a reporter gene is in its ability to define 
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domains of transcriptional regulatory elements of a gene- 
of -interest. Reporter g nes which expr ss proteins, e.g. 
lucif erase, are widely utilized in such studi s. 
Lucif erases expressed by the North American firefly, 
5 Photinus pvralis and the bacterium, Vibrio fischeri were 
first described as transcriptional reporters in 19B5 (40, 
41). Reporter genes have not been previously used to 
identify compounds which (a) do not naturally occur in 
the cell, (b) specifically transcriptionally modulate 

10 expression of the gene encoding the oncogene or the tumor 
suppressor gene product, and (c) binds to DNA or RNA, or 
bind to a protein at a site on such protein which is not 
a ligand-binding domain of a receptor which naturally 
occurs in the cell, the binding of a ligand to which 

15 ligand-binding domain is normally associated with a 
defined physiological or pathological effect. 

A method to define domains of transcriptional regulating 
elements of a gene-of-interest typically has also 

20 involved use of phorbol esters, cyclic nucleotide 
analogs, cone ana val in A, or steroids, molecules which are 
commonly known as transcriptional modulators. However, 
available literature shows that researchers have not 
considered using a transcription screen to identify 

25 specific transcriptional modulators. Apparently, success 
would be unlikely in doing so, however, we have 
demonstrated herein that this is not the case. 

There is utility in developing the method of 
30 transcriptional modulation of oncogenes and tumor 
suppressor genes by using such molecule as described 
herein. This method will allow the development of novel 
pharmaceuticals and circumvent many of the problems 
associated with the therapeutic use of recombinant 
35 biological factors where clinical the use of prot in 
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asp ct f PCT/US88/10095 deals with th use f specific 
st r 1 regulatory lements c upled to a rep rter as a 
m ans to screen for drugs capable f stimulating cells to 
synthesize the LDL receptor. PCT/DS88/10095 describes 
5 neither the concept of simultaneously screening large 
numbers of chemicals against multiple target genes nor 
the existence of transcriptional modulators which (a) do 
not naturally occur in the cell, (b) specifically 
transcriptionally modulate expression of the gene 

10 encoding the oncogene or tumor suppressor gene product, 
and (c) binds to DNA or KNA, or bind to DMA or RNA or 
bind to a protein through a domain of such protein which 
is not a defined ligand binding domain of a nuclear, 
transcriptionally activating receptor which naturally 

15 occurs in the cell, the binding of a ligand to which 
ligand binding domain is normally associated with a 
defined physiological effect. The main focus of 
PCT/US88/10095 is the use of the sterol regulatory 
elements from the LDL receptor as a means to inhibit 

20 expression of toxic recombinant biological s. 

The use of molecules to specifically modulate 
transcription of oncogenes and tumor suppressor genes as 
described herein has not previously been reported and its 

25 use will bring surprise since available literature does 
not propose the use of a molecule, as described, in a 
method to specifically modulate transcription. Instead, 
the available literature has reported methods which 
define domains of transcriptional regulating elements of 

30 a gene. 

Further, the practice of using a reporter gene to analyze 
nucleotide sequences which regulate transcription of a 
gene-of -interest is well documented. The demonstrated 
35 utility of a report r gene is in its ability to define 
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domains of transcriptional r gulatory lements of a gene- 
of -interest. Reporter genes which xpress proteins, e.g. 
lucif rase, are widely utilized in such studies. 
Luciferases expressed by the North American firefly, 
5 PhQtinus pyrali? and the bacterium, Vibrio fischeri were 
first described as transcriptional reporters in 1985 (40 # 
41) . Reporter genes have not been previously used to 
identify compounds which (a) do not naturally occur in 
the cell, (b) specifically transcriptionally modulate 

10 expression of the gene encoding the oncogene or the tumor 
suppressor gene product, and (c) binds to DNA or SNA, or 
bind to a protein at a site on such protein which is not 
a ligand-binding domain of a receptor which naturally 
occurs in the cell, the binding of a ligand to which 

15 ligand-binding domain is normally associated with a 
defined physiological or pathological effect. 

A method to define domains of transcriptional regulating 
elements of a gene-of-interest typically has also 

20 involved use of phorbol esters, cyclic nucleotide 
analogs, concanavalin A, or steroids, molecules which are 
commonly known as transcriptional modulators. However, 
available literature shows that researchers have not 
considered using a transcription screen to identify 

25 specific transcriptional modulators. Apparently, success 
would be unlikely in doing so, however, we have 
demonstrated herein that this is not the case* 

There is utility in developing the method of 
30 transcriptional modulation of oncogenes and tumor 
suppressor genes by using such molecule as described 
herein. This method will allow the development of novel 
pharmaceuticals and circumvent many of the problems 
associated with the therapeutic use of recombinant 
35 biological factors where clinical the use f pr tein 
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factors is relevant. 

Pr blems associated with the therapeutic use of 
recombinant biological factors include the technical 
5 difficulties of large scale protein purification, the 
high costs of protein production, the limited shelf-life 
of most proteins and in some cases a short biological 
half -life of the administered protein in the organism. 
Additionally, therapeutic delivery of proteins normally 
10 requires injection. The method described herein provides 
a means of upregulating the expression of proteins which 
are not readily amenable to administration as injectable 
biologicals, 

15 Furthermore, molecules specifically regulating the 
activity of one member of a group of closely related 
proteins are difficult to identify. Bioactive molecules, 
structurally related at the protein level, may possess 
distinct regulatory elements at the DNA level which 

20 control their expression. Thus, molecules such as the 
chemical transcriptional modulators defined herein can 
provide a greater opportunity for specifically modulating 
the activity of structurally related proteins. 

25 Finally, the molecules described herein may also serve to 
mimic normal physiological response mechanisms, typically 
involving the coordinated expression of one or more 
groups of functionally related genes. Therefore, 
determining whether a molecule can specifically 

30 transcriptionally modulate the expression of an oncogene 
or tumor suppressor gene and the ultimate clinical use of 
the molecule provides a therapeutic advantage over the 
use of single recombinant biologicals, or drugs which 
bind directly to the final target protein encoded by the 

35 gene- f -interest. 
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gi^w»rY f th Invent! n 

The invention provides a method of directly 
transcriptionally modulating the expression of an 
5 oncogene or a tumor suppressor gene, the expression of 
which is associated with a defined physiological or 
pathological effect within a multicellular organism. 
This method comprises contacting a cell, which is capable 
of expressing the gene, with a molecule at a 

10 concentration effective to transcriptionally modulate 
expression of the gene and thereby affect the level of 
the oncogene or the tumor suppressor gene product (s) 
encoded by the gene which is expressed by the cell. In 
this method the molecule (a) does not naturally occur in 

15 the cell and (b) specifically transcriptionally modulates 
expression of the oncogene or the tumor suppressor gene, 
and (c) binds to DNA or RNA, or binds to a protein at a 
site on such protein which is not a ligand-binding domain 
of a receptor which naturally occurs in the cell, the 

20 binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. 

The invention further provides for a method of 
25 determining whether a molecule not previously known to be 
a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of an 
oncogene or a tumor suppressor gene. This method 
comprises contacting a sample which contains a predefined 
30 number of cells with a predetermined amount of a molecule 
to be tested, each such cell comprising DNA consisting 
essentially of (i) a modulatable transcriptional 
regulatory sequence of the oncogene or the tumor 
suppressor gene, (ii) a promoter of the oncogene or the 
35 tumor suppr ssor gen , and (iii) a DNA s guence encoding 
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a polypeptid other than the oncog n or the tumor 
suppressor, which p lypeptide is capable of producing a 
d tectable signal, and which DNA sequence is c upled to, 
and under the control of, the promoter, under conditions 
5 such that the molecule, if capable of acting as a 
transcriptional modulator of the oncogene or the tumor 
suppressor gene, causes a measurable detectable signal to 
be produced by the polypeptide so expressed. The amount 
of the signal produced, is quantitatively determined and 

10 the amount so determined compared with the amount of 
produced signal detected in the absence of any molecule 
being tested or upon contacting the sample with any other 
molecule. So as to identify the molecule as one which 
causes a change in the detectable signal produced by the 

15 polypeptide so expressed, and thus identify the molecule 
as a molecule capable of transcriptionally modulating the 
expression of the oncogene or the tumor suppressor gene. 

Additionally the invention provides a method of 

20 determining whether a molecule not previously known to be 
a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of an 
oncogene or a tumor suppressor gene. The method 
comprises contacting a sample which contains a predefined 

25 number of cells with a predetermined amount of a molecule 
to be tested. The cells so contacted comprise DNA 
consisting essentially of (i) a modulatable 
transcriptional regulatory sequence of the gene encoding 
the oncogene or the tumor suppressor gene, (ii) a 

30 promoter of the oncogene or the tumor suppressor gene, 
and (iii) a reporter gene, which expresses a polypeptide, 
coupled to, and under the control of, the promoter, under 
conditions such that the molecule, if capable of acting 
as a transcriptional modulator of the oncogene or the 

35 tumor suppressor gene, causes a measurable change in the 
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amount of th p lypeptid produced. The am unt of th 
polypeptid so produced, is quantitatively determined and 
the amount so determined is compared with the amount of 
polypeptide produced in the absence of any molecule being 
5 tested or upon contacting the sample with any other 
molecule. So as to identify the molecule as one which 
causes a change in the amount of the polypeptide 
expressed, and thus identify the molecule as a molecule 
capable of transcriptionally modulating the expression of 
10 the oncogene or the tumor suppressor gene. 

A method of determining whether a molecule not previously 
known to be a modulator of protein biosynthesis is 
capable of transcriptionally modulating the expression of 

15 an oncogene or a tumor suppressor gene, is also provided. 
This method comprises contacting a sample which contains 
a predefined number of cells with a predetermined amount 
of a molecule to be tested. Each of the cells so 
contacted comprises DNA consisting essentially of (i) a 

20 modulatable transcriptional regulatory sequence of the 
oncogene or the tumor suppressor gene, (ii) a promoter of 
the oncogene or the tumor suppressor gene, and (iii) a 
DNA sequence transcribable into mRNA coupled to and under 
the control of, the promoter. The contacting is effected 

25 under conditions such that the molecule, if capable of 
acting as a transcriptional modulator of the oncogene or 
the tumor suppressor gene, causes a measurable difference 
in the amount of mRNA transcribed from the DNA sequence. 
The amount of the mRNA produced is quantitatively 

30 determined and the amount so determined compared with the 
amount of mRNA detected in the absence of any molecule 
being tested or upon contacting the sample with any other 
molecule so as to identify the molecule as one which 
causes a change in the detectable mRNA amount of, and 

35 thus identify the molecul as a molecule capable of 
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transcriptionally modulating the expression of the 
ncog ne or tumor suppressor gene* 



A screening method which comprises separately contacting 
5 each of a plurality of substantially identical samples, 
each sample containing a predefined number of cells under 
conditions such that contacting is affected with a 
predetermined amount of each different molecule to be 
tested, is also provided. 

10 

Further provided is a method of essentially 
simultaneously screening molecules to determine whether 
the molecules are capable of transcriptionally modulating 
one or more oncogenes or tumor suppressor genes according 
15 to the methods mentioned above* 

Further provided is a method for directly 
transcriptionally modulating in a multicellular organism 
the expression of an oncogene or a tumor suppressor gene, 

20 the expression of which is associated with a defined 
physiological or pathological effect in the organism. 
This method comprises administering to the organism a 
molecule at a concentration effective to 
transcriptionally modulate expression of the gene and 

25 thus affect the defined physiological or pathological 
effect. In this method the molecule (a) does not 
naturally occur in the organism, (b) specifically 
transcriptionally modulates expression of the oncogene or 
the tumor suppressor gene, and (c) binds to DNA or RNA, 

30 or binds to a protein at a site on such protein which is 
not a ligand -binding domain of a receptor which naturally 
occurs in the cell, the binding of a ligand to which 
ligand-binding domain is normally associated with a 
defined physiological or pathological effect. 
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Figure 1 is a view of the mammalian xpression shuttle 
vector pUVl02 with its features. The mammalian 
5 expression shuttle vector was designed to allow the 
construction of the promoter-reporter gene fusions and 
the insertion of a neomycin resistance gene coupled to 
the herpes simplex virus thymidine kinase promoter 
(TK-NEO) . 

10 

Figure 2 is a partial restriction enzyme cleavage map of 
the plasmid pD0432 which contains the luciferase gene 
from the firefly, Photinus ovralis. 

15 Figure 3 is a partial restriction enzyme cleavage map of 
the plasmid pSVLuci which contains the luciferase gene 
from the firefly , Photinus pyralis . 

Figure 4 is a partial restriction enzyme cleavage map of 
20 the plasmid pMLuci which contains the luciferase gene of 
the firefly, Photinus pyralis and the mouse mammary tumor 
virus long terminal repeat. 

Figure 5 provides the nucleotide sequences of six 
25 oligonucleotides, pUV-l through pTJV-6, which were 
annealed, ligated, and inserted into the Sall/EcoRl sites 
of the plasmid pTZ18R. 

Figure 6 is a diagrammatic representation of the 
30 construction of the plasmid pUVOOl from the plasmids 
pTZ18R and pBluescript KS (+) . 

Figure 7 is a diagrammatic representation of the 
construction of the plasmid pUVlOO from the plasmid 
35 pUVOOl and two DNA fragments, the Xbal/Xmal fragment from 
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pMLuci and the Xmal/BamHI fragment fr m pMSG. 

Figure 8 is a diagrammatic repres ntation f the 
construction of the plasmid pUVl00-3 from the plasmid 
5 pUVlOO and a 476 b fragment containing a dimeric SV40 
polyadenylation site. 

Figure 9 is a diagrammatic representation of the 
construction of the plasmids pUV102 and pUV103 from the 
10 plasmid pUV100-3 and D-link oligonucleotides and the 
plasmid pUV100-3 and R-link oligonucleotides, 
respectively . 

Figure 10 provides the nucleotide sequences of oligos 1-4 
15 used for the construction of a synthetic HSV-thymidine 
kinase promoter and provides a diagrammatic 
representation of the HSV-TK promoter. 

Figure 11 is a diagrammatic representation of the 
20 construction of the plasmid pTKLlOO which contains the 
lucif erase gene from the firefly, Photinus pvralis and 
the HSV-TK promoter sequence. 

Figure 12 is a diagrammatic representation of the 
25 construction of the plasmid pTKNEO which contains the neo 
gene, from about 3.5 kb Nhel/Xmal fragment from pTKLlOO, 
and the about 0.9 kb BstBI/Bglll fragment containing the 
neo coding region from pRSVNEO. 

30 Figure 13 is a diagrammatic representation of the 
construction of the plasmid pTKNE02 from the plasmid 
pTKNEO and the oligonucleotides Neo 1 and 2. 

Figure 14 is a diagrammatic representation of the 
35 construction of the plasmid pTKNE03 from the plasmid 
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PTKNE02 and about 0.9 kb EcoRl/Sall fragment from 
pMClNEO. 

Figure 15 is a partial restriction enzyme cleavage map of 
5 the plasmid pNEU106 which contains neu upstream sequences 
fused to the lucif erase coding region. 

Figure 16 is a partial restriction enzyme cleavage map of 
the plasmid pKRAS106 which contains K -ras upstream 
10 sequences fused to the luciferase gene from the firefly, 
Photinus pyraUs. 

Figure 17 is a partial restriction enzyme cleavage map of 
the plasmid pHRAS106 which contains human H -ras upstream 
15 sequences fused to the luciferase gene from the firefly, 
Photj^us pyralig* 

Figure 18 is a partial restriction enzyme cleavage map of 
the plasmid pNRAS106 which contains human N-ras upstream 
20 sequences fused to the luciferase gene from the firefly, 
Photinus pyralis . 

Figure 19 is a diagrammatic representation of the phi 
gene. Shown are EcoRI sites and genomic fragments used 
25 in defining the pill promoter. 

Figure 20 is a diagrammatic representation of the various 
phl-luciferase fusion plasmids used to define the phi 
promoter* Plasmid 4 was used to create the stably 
30 transfected phi reporter cell line. 

Figure 21 is a partial restriction enzyme cleavage map of 
the plasmid pP531106 which contains human p53 PI promoter 
upstream sequences fused to the luciferase gene from the 
35 firefly, Photinus ovralis . 



WO 92/13091 



PCT/US92/00421 



17 

transcriptionally modulating the expressi n of the 
oncog n or tumor suppressor gene. 

A screening method which comprises separately contacting 
5 each of a plurality of substantially identical samples, 
each sample containing a predefined number of cells under 
conditions such that contacting is affected with a 
predetermined amount of each different molecule to be 
tested, is also provided. 

10 

Further provided is a method of essentially 
simultaneously screening molecules to determine whether 
the molecules are capable of transcriptionally modulating 
one or more oncogenes or tumor suppressor genes according 
15 to the methods mentioned above. 



Further provided is a method for directly 
transcriptionally modulating in a multicellular organism 
the expression of an oncogene or a tumor suppressor gene, 

20 the expression of which is associated with a defined 
physiological or pathological effect in the organism. 
This method comprises administering to the organism a 
molecule at a concentration effective to 
transcriptionally modulate expression of the gene and 

25 thus affect the defined physiological or pathological 
effect. In this method the molecule (a) does not 
naturally occur in the organism, (b) specifically 
transcriptionally modulates expression of the oncogene or 
the tumor suppressor gene, and (c) binds to DNA or UNA, 

30 or binds to a protein at a site on such protein which is 
not a ligand-binding domain of a receptor which naturally 
occurs in the cell, the binding of a ligand to which 
ligand-binding domain is normally associated with a 
defined physiological or pathological effect. 
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Figure 1 is a view of the mammalian xpression shuttle 
vector pUV!02 with its features. The mammalian 
5 expression shuttle vector was designed to allow the 
construction of the promoter-reporter gene fusions and 
the insertion of a neomycin resistance gene coupled to 
the herpes simplex virus thymidine kinase promoter 
(TK-NEO) . 

10 

Figure 2 is a partial restriction enzyme cleavage map of 
the plasmid pD0432 which contains the luc if erase gene 
from the firefly, Photinus pyralis . 

15 Figure 3 is a partial restriction enzyme cleavage map of 
the plasmid pSVLuci which contains the luciferase gene 
from the firefly, Photinus pyralis . 

Figure 4 is a partial restriction enzyme cleavage map of 
20 the plasmid pMLuci which contains the luciferase gene of 
the firefly, Photinus pyralis and the mouse mammary tumor 
virus long terminal repeat. 

Figure 5 provides the nucleotide sequences of six 
25 oligonucleotides, pUV-1 through pUV-6, which were 
annealed, ligated, and inserted into the Sall/EcoRl sites 
of the plasmid pTZ18R. 

Figure 6 is a diagrammatic representation of the 
30 construction of the plasmid pUVOOl from the plasmids 
pTZ18R and pBluescript KS(+). 

Figure 7 is a diagrammatic representation of the 
construction of the plasmid pUVlOO from the plasmid 
35 pUVOOl and two DNA fragments, the Xbal/Xmal fragment from 
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pMLuci and th Xmal/BamHI fragm nt fr m pMSG. 

Figure 8 is a diagrammatic repr sentation of the 
construction of the plasmid pUVl00-3 from the plasmid 
5 pUVlOO and a 476 b fragment containing a dimeric SV40 
polyadenylation site. 

Figure 9 is a diagrammatic representation of the 
construction of the plasmids pUV102 and pUV103 from the 
10 plasmid pUV100-3 and D-link oligonucleotides and the 
plasmid pUV100-3 and R-link oligonucleotides, 
respectively . 

Figure 10 provides the nucleotide sequences of oligos 1-4 
15 used for the construction of a synthetic HSV-thymidine 
kinase promoter and provides a diagrammatic 
representation of the HSV-TK promoter. 

Figure 11 is a diagrammatic representation of the 
20 construction of the plasmid pTKLlOO which contains the 
luciferase gene from the firefly, Photinus pvralis and 
the HSV-TK promoter sequence. 

Figure 12 is a diagrammatic representation of the 
25 construction of the plasmid pTKNEO which contains the neo 
gene, from about 3.5 kb Nhel/Xmal fragment from pTKLlOO, 
and the about 0.9 kb BstBI/Bglll fragment containing the 
neo coding region from pRSVNEO. 

30 Figure 13 is a diagrammatic representation of the 
construction of the plasmid pTKNE02 from the plasmid 
pTKNEO and the oligonucleotides Neo 1 and 2. 

Figure 14 is a diagrammatic representation of the 
35 construction of the plasmid pTKNEO 3 from the plasmid 
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PTKNE02 and about 0.9 leb EcoRl/Sall fragment fr m 
pMClNEO. 

Figure 15 is a partial restriction enzyme cleavage map of 
5 the plasmid pNEU106 which contains neu upstream sequences 
fused to the lucif erase coding region. 

Figure 16 is a partial restriction enzyme cleavage map of 
the plasmid pKRAS106 which contains K-rag. upstream 
10 sequences fused to the lucif erase gene from the firefly, 
Photinus pvralis . 

Figure 17 is a partial restriction enzyme cleavage map of 
the plasmid pHRAS106 which contains human H-xa§. upstream 
15 sequences fused to the lucif erase gene from the firefly, 
Phntinus nvralis. 

Figure 18 is a partial restriction enzyme cleavage map of 
the plasmid pNRAS106 which contains human N-ras upstream 
20 sequences fused to the luciferase gene from the firefly, 
Photinus pvralis. 

Figure 19 is a diagrammatic representation of the phi. 
gene. Shown are EcoRI sites and genomic fragments used 
25 in defining the pil promoter. 

Figure 20 is a diagrammatic representation of the various 
phl-luciferase fusion plasmids used to define the phi 
promoter. Plasmid 4 was used to create the stably 
30 transfected pM reporter cell line. 

Figure 21 is a partial restriction enzyme cleavage map of 
the plasmid pP531106 which contains human p53 PI promoter 
upstream sequences fused to the luciferase gene from the 
35 firefly, Ph°t4 nus nvralis. 
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Figure 22 is a partial restricti n enzyme cleavage map of 
the plasmid pP532106 which contains human p53 P2 promoter 
upstream s guences fused to the lucif rase gen from the 
firefly, FiWtlmM PYTftlig* 

5 

Figure 23 is a partial restriction enzyme cleavage map of 
the plasmid pCM106 which contains the Cytomegalovirus 
immediate early promoter fused to the luciferase gene 
from the firefly, Photinus pyralis . 

10 

Figure 24 is a partial restriction enzyme cleavage map of 
a human USH minigene which contains the neu upstream 
regulatory elements fused to the neu cDNA. 

15 Figure 25 is a partial restriction enzyme cleavage map of 
a human K~Efis minigene which contains the K- rqs upstream 
regulatory elements fused to the neu cDNA. 

Figure 26 is a graphical representation of the decay of 
20 reporter gene signal after treatment of cells with 
Actinomycin D. Plotted is relative intensity of the 
signal versus time after ActD addition. 

Figure 27 is an autoradiogram of a Southern blot showing 
25 the correct luciferase vector integration of five 
independently isolated H-jas transfectants. Lanes 1 and 
2 are plasmid controls. The expected result is a single 
band of the same molecular weight as the control. 

30 Figure 28 is an autoradiogram of PGR reactions detecting 
varying amounts of M-CSF mRNA and a constant amount of 
lambda DNA. 

Figure 29 is an interpretation of the data presented in 
35 Figur 28. Relativ band intensity of the M-CSF band is 
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plott d against th total RNA. 

Figure 30 is an thidium bromide stain d gel shoving the 
reaction products of PGR reactions designed to 
5 specifically detect N -ras , neu , K-xaS and H -ras mRNAs. 
10 and 0.4 ng of U5637 total RNA was used. In each 
sample a sample of phage lambda DNA and lambda control 
oligos was added to control for the efficiency of the PGR 
reaction. This is the uppermost, consistent band in each 
10 lane. In each case the oligos specifically amplifies a 
DNA fragment of the correct molecular weight. A few 
extra bands of unknown origin appear in the c-erbB2 lanes 
and in the lane representing the highest concentration of 
H -ras mSNA. 

15 

Figure 31 is a quality assurance analysis of a high 
throughput screen measuring the ratios of negative values 
at various positions within a plate. The expected value 
is 1.0. 

20 

Figure 32 is a quality assurance analysis of a high 
throughput screen measuring a coefficient of variance for 
the negative controls on a number of plates. Values less 
than 10 are acceptable. 

25 

Figure 33 is a quality assurance analysis of a high 
throughput screen measuring a coefficient of variance for 
the positive controls on a number of plates. Values less 
than 10 are acceptable. 

30 

Figure 34 is a quality assurance analysis of a high 
throughput screen measuring a response of a reporter cell 
line to three different concentrations of a compound 
known to induce transcription. 

35 



WO 92/13091 



PCT/US92/00421 



23 



10 



15 



20 



Detailed D«« e rj p «H» n og thm T »™ w «-^ n 

As used in this application, the following words or 
phrases have the meanings specified. 

Antjsense nucleic acR m eans an RNA or DNA molecule or a 
chemically modified rna or DNA molecule which is 
complementary to a sequence present within an rna 
transcript of a gene. 

rectly transcriptional 1v mod „ 1a ^ ^ ^ 
asng^means to transcriptionally modulate the expression 
of the gene through the binding of a molecule to (1) the 
gene (2) an RNA transcript of the gene, or (3) a protein 
which binds to (i) such gene or rna transcript, or (ii) 
a protein which binds to such gene or RNA transcript. 

A_agne. means a nucleic acid molecule, the sequence of 
which includes all the information required for the 
normal regulated production of a particular protein, 
including the structural coding sequence, promoters and 
enhancers. 



25 



jndjrectlv traTmnriptionaTIv modu i a fr» ^ 6imr ***i™ ^ 
a_Sene. means to transcriptionally modulate the expression 
of such gene through the action of a molecule which cause 
enzymatic modification of a protein which binds to (i) 
the gene or (2) an RNA transcript of the gene, or (3) 
protein which binds to (i) the gene or (ii) an rna 
transcript of the gene. For example, altering the 
activity of a kinase which subsequently phosphorylates 
and alters the activity of a transcription factor 
constitutes indirect transcript modulation. 

35 liiaaiidjmeans a molecule with a molecular weight of less 



30 
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than 5,000, which binds to a transcription factor f r a 
gene. Th binding of the ligand to the transcription 
factor transcriptionally modulates the expression of the 
gene. 

5 

Liaand binding domain of a transcription factor means the 
site on the transcription factor at which the ligand 
binds. 

10 Modulatable transcriptional regulatory seouence of a gene 
means a nucleic acid sequence within the gene to which a 
transcription factor binds so as to transcriptionally 
modulate the expression of the gene. 

15 Oncogene m eans a normal cellular gene which has been 
activated by one of several possible mechanisms, 
including point mutations, translation, amplification or 
overexpression contributes to the malignant phenotype of 
a cancer cell. 

20 

Receptor means a transcription factor containing a ligand 
binding domain. 

Specifically transcriptionally modulate the expression of 
25 a gene means to transcriptionally modulate the expression 
of such gene alone, or together with a limited number of 
other genes. 

Transcription m eans a cellular process involving the 
3 0 interaction of an UNA polymerase with a gene which 
directs the expression as RNA of the structural 
information present in the coding sequences of the gene. 
The process includes, but is not limited to the following 
steps: (1) the transcription initiation, (2) transcript 
35 elongation, (3) transcript splicing, (4) transcript 
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capping, (5) transcript t rmination, (6) transcript 
polyadenylati n, (7) nucl ar export of the transcript, 
(8) transcript diting, and (9) stabilizing the 
transcript* 

5 

Transcription factor for a gene means a cytoplasmic or 
nuclear protein which binds to (1) such gene, (2) an RNA 
transcript of such gene, or (3) a protein which binds to 
(i) such gene or such RNA transcript or (ii) a protein 
10 which binds to such gene or such RNA transcript, so as to 
thereby transcriptionally modulate expression of the 
gene. 

Transcriptionally modulate the expression of a gene means 
15 to change the rate of transcription of such gene. 

Triple helix means a helical structure resulting from the 
binding of one or more oligonucleotide to double stranded 
DNA. 

20 

Tumor suppressor gene means a normal cellular gene, the 
loss of whose function contributes to the malignant 
phenotype of a cancer cell. 

25 The invention provides a method of directly 
transcriptionally modulating the expression of an 
oncogene or a tumor suppressor gene, the expression of 
which is associated with a defined physiological or 
pathological effect within a multicellular organism. 

30 This method comprises contacting a cell, which is capable 
of expressing the gene, with a molecule at a 
concentration effective to transcriptionally modulate 
expression of the gene and thereby affect the level of 
the oncogene or the tumor suppressor gene product encoded 

35 by the gene which is expressed by the cell. In this 
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method the m lecule (a) does not naturally occur in the 
cell, (b) specifically transcriptionally modulates 
expressi n f the oncogene or the tumor suppressor gene, 
and (c) binds to DMA or RNA, or binds to a protein at a 
5 site on such protein which is not a ligand-binding domain 
of a receptor which naturally occurs in the cell, the 
binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. 

10 

In one embodiment the molecule does not naturally occur 
in any cell of a lower eucaryotic organism such as yeast. 

In a preferred embodiment, the molecule does not 
15 naturally occur in any cell, whether of a multicellular 
or a unicellular organism. Alternatively, the molecule 
is naturally occurring, but not normally found in the 
cell. In a presently more preferred embodiment, the 
molecule is not a naturally occurring molecule, e.g. is 
20 a chemically synthesized entity. 

The cell in the above methods may be a cell of the 
multicellular organism, such as an animal cell, e.g. a 
human cell. 

25 

The method of the invention permits modulation of the 
transcription of the gene which results in upregulation 
or downregulation of expression of the oncogene or the 
tumor suppressor gene, depending on the identity of the 
30 molecule which contacts the cell. 

In one embodiment the molecule binds to a modulatable 
transcription sequence of the gene. For example, the 
molecule may bind to a promoter region upstream of the 
35 coding segu nee encoding the ncogene or the tumor 
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suppr ssor gene. 

In one mbodim nt of the method of th inv ntion the 
molecule comprises an antisense nucleic acid which is 
5 complementary to a sequence present in a modulatable, 
transcriptional sequence. The molecule may also be a 
double-stranded nucleic acid or a nucleic acid capable of 
forming a triple helix with a double-stranded DNA. 

10 in accordance with the method of this invention, the 
oncogene may be a mutant c -neu gene, a mutant c-K- ras 
gene, a mutant c-H- ras gene, a mutant c-N- ras gene, a 
phl -abl gene fusion, a mutant myc gene, a mutant fms 
gene, a mutant ej&A gene, a retroviral oncogene or a 

15 mutant p53 gene. The tumor suppressor gene may be a p53 
gene, a retinoblastoma gene, a Wilms' tumor gene, a 
neurofibromatosis type 1 gene, a DCC gene, an erbA gene, 
or an adenomatous polyposis coli gene. 

20 The invention further provides a method of determining 
whether a molecule not previously known to be a modulator 
of protein biosynthesis is capable of transcriptionally 
modulating the expression of an oncogene or the tumor 
suppressor gene. This method comprises contacting a 

25 sample which contains a predefined number of cells with 
a predetermined amount of a molecule to be tested, each 
such cell comprising DNA consisting essentially of (i) a 
modulatable transcriptional regulatory sequence of the 
oncogene or the tumor suppressor gene, (ii) a promoter of 

30 the oncogene or the tumor suppressor gene, and (iii) a 
DNA sequence encoding a polypeptide other than the 
oncogene or the tumor suppressor gene product, which 
polypeptide is capable of producing a detectable signal 
and which DNA sequence is coupled to, and under the 

35 control of, the promoter, under conditions such that the 
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molecule , if capable of acting as a transcriptional 
modulator of th oncogene or the tumor suppressor g n , 
causes a measurabl detectable signal to b pr duced by 
the polypeptide so expressed. The amount of the signal 
5 produced is quantitatively determined and the amount so 
determined compared with the amount of produced signal 
detected in the absence of any molecule being tested or 
upon contacting the sample with any other molecule so as 
to identify the molecule as one which causes a change in 
10 the detectable signal produced by the polypeptide so 
expressed, and identify the molecule as a molecule 
capable of transcriptionally modulating the expression of 
the oncogene or the tumor suppressor gene. 

15 Additionally, the invention provides a method of 
determining whether a molecule not previously known to be 
a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of an 
oncogene or a tumor suppressor gene. The method 

20 comprises contacting a sample which contains a predefined 
number of cells with a predetermined amount of a molecule 
to be tested. The cells comprise DNA consisting 
essentially of (i) a modulatable transcriptional 
regulatory sequence of the gene encoding the oncogene or 

25 the tumor suppressor gene, (ii) a promoter of the 
oncogene or the tumor suppressor gene, and (iii) a 
reporter gene, which expresses a polypeptide, coupled to, 
and under the control of, the promoter, under conditions 
such that the molecule, if capable of acting as a 

30 transcriptional modulator of the oncogene or tumor 
suppressor gene, causes a measurable change in the amount 
of the polypeptide produced. The amount of the 
polypeptide is quantitatively determined and compared 
with the amount of polypeptid pr duced in the abs nee of 

35 any molecule being tested or upon contacting the sample 
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with any other mol cul so as to identify the molecule as 
on which caus s a change in the amount of th 
polypeptid expr ss d, and thus identify the molecule as 
a molecule capable of transcriptionally modulating the 
5 expression of the oncogene or the tumor suppressor gene. 

A method of determining whether a molecule not previously 
known to be a modulator of protein biosynthesis is 
capable of transcriptionally modulating the expression of 

10 an oncogene or a tumor suppressor gene, is also provided. 
This method comprises contacting a sample which contains 
a predefined number of cells with a predetermined amount 
of a molecule to be tested* Each of the cells comprise 
DNA consisting essentially of (i) a modulatable 

15 transcriptional regulatory sequence of the oncogene or 
the tumor suppressor gene, (ii) a promoter of the 
oncogene or tumor suppressor gene, and (iii) a DNA 
sequence transcribable into mRNA coupled to and under the 
control of, the promoter, under conditions such that the 

20 molecule, if capable of acting as a transcriptional 
modulator of the oncogene or the tumor suppressor gene, 
causes a measurable difference in the amount of mRNA 
transcribed from the DMA sequence. The amount of the 
mRNA produced is quantitatively determined the amount so 

25 determined compared with the amount of mRNA detected in 
the absence of any molecule being tested or upon 
contacting the sample with any other molecule so as to 
identify the molecule as one which causes a change in the 
detectable mRNA amount of, and thus identify the molecule 

30 as a molecule capable of transcriptionally modulating the 
expression of the oncogene or the tumor suppressor gene. 

In the above methods the sample preferably comprises 
cells in monolayers or suspension. The cells are 
35 typically animal c lis, e.g. human cells. The predefined 
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number of cells is preferably from about l to about 5 X 
10 5 cells, or from about 2 X 10 2 to about 5 X 10 4 cells. 
The predetermined am unt or concentration of the mol cule 
to be tested is typically based upon the volume of the 
5 sample, or be from about 1*0 pH to about 20 pM, or from 
about 10/xM to about 500/iM. The contacting may be 
effected from about 1 to about 24 hours, or from about 2 
to about 12 hours, it may also be effected with more than 
one predetermined amount of the molecule to be tested. 

10 

The molecule to be tested may be a purified molecule. 
Additionally the modulatable transcriptional regulatory 
sequence may comprises a cloned genomic regulatory 
sequence. The DNA referred to in the above methods may 
15 consist essentially of more than one modulatable 
transcriptional regulatory sequence. The DNA sequence 
encoding the polypeptide may be inserted downstream of 
the promoter of the oncogene or tumor suppressor gene by 
homologous recombination. 

20 

In these methods the polypeptide may be a lucif erase, 
chloramphenicol acetyl transferase, fi glucuronidase, 0 
galactosidase, neomycin phosphotransferase, alkaline 
phosphatase or guanine xanthine 
25 phosphor ibosyl transferase. The polypeptide may be 
capable of complexing with an antibody, or biotin. 

The mRNA may be detected by quantitative polymerase chain 
reaction. 

30 

A screening method which comprises separately contacting 
each of a plurality of substantially identical samples, 
each sample containing a predefined number of cells under 
conditions such that contacting is affected with a 
35 pred termined amount of each different molecule to be 



WO 92/13091 



PCT/US92/00421 



31 

t sted, is also included. 

Th plurality of samples may c mprises more that about 10* 
samples, or more than about 5 X 10* samples. 

5 

Pursuant to the provisions of the Budapest Treaty on the 
International Recognition of Deposit of Microorganisms 
for Purpose of Patent Procedure, the plasmid and the 
cell lines listed below have been deposited with the 
10 American Type Culture Collection ("ATCC") , 12301 Parklawn 
Drive, RocJcville, Maryland 20852, U.S.A.,: 

a plasmid designated pUV106, deposited under 
ATCC Accession No. 40946. 

a human colon adenocarcinoma cell line, 
transfected with pHRA521, designated H21, 
deposited under ATCC Accession No. CRL 10640. 

a HTB-30 human colon adenocarcinoma cell line, 
transfected with pNEU106, designated N-2, 
deposited under ATCC Accession No. CRL 10658. 

a SW 480 human breast carcinoma cell line, 
transfected with pKRAS106, designated K-2, 
deposited under ATCC Accession No. CRL 10662. 

a K562 cell line, transfected with pNEU106, 
designated bK108, deposited under ATCC 
Accession No. CRL 10665. 

a NIH Swiss mouse embryo cell line, NIH 3T3, 
transfected with the MMTV reporter plasmid, 
designated M10, deposited under ATCC Accession 
No. CRL 10659. 



15 
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Further provided is a method of ssentially 
simultaneously scr ning mol cules to d termine vheth r 
the molecules are capable of transcriptionally modulating 
5 one or more oncogenes or tumor suppressor genes according 
to the methods described above. 

A screening method where more than about 10 3 samples per 
week are contacted with different molecules is 
10 encompassed by this invention. 

Further provided is a method for directly 
transcriptionally modulating in a multicellular organism 
the expression of an oncogene or a tumor suppressor gene, 

IS the expression of which is associated with a defined 
physiological or pathological effect in the organism. 
This method comprises administering to the organism an a 
molecule at a concentration effective to 
transcriptionally modulate expression of the gene and 

20 thus affect the defined physiological or pathological 
effect. In this method the molecule (a) does not 
naturally occur in the organism, (b) specifically 
transcriptionally modulates expression of the oncogene or 
the tumor suppressor gene, and (c) binds to DNA or BNA, 

25 or binds to a protein at a site on such protein which is 
not a ligand-binding domain of a receptor which naturally 
occurs in the cell, the binding of a ligand to which 
ligand-binding domain is normally associated with a 
defined physiological or pathological effect. 

30 

The molecule may bind to a modulatable transcription 
sequence of the gene. The molecule may comprise an 
antisense nucleic acid, a double-stranded nucleic acid 
molecule, a nucl ic acid capable of forming a triple 
35 helix with double-stranded DNA. Th multicellular 
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organism nay be an animal including a human being. 

Th physiological effect may b the protection of non- 
neoplastic cells from damage by chemotherapeutic agents 
5 and the defined pathological effect may be a disorder and 
modulated expression of an oncogene or tumor suppressor 
gene is associated with amelioration of the disorder. 
The defined pathological effect may be cancer or 
leukemia. The cancer may include malignant melanoma, 
10 lung cancer, colon cancer, pancreatic cancer, ovarian 
cancer or breast cancer. 

The administering in the preceeding method may comprise 
topical contact, oral, transdermal, intravenous, 
15 intramuscular or subcutaneous administration. 

Methods of administration of molecules in the practice of 
the invention are veil known to those skilled in the art 
as are methods of formulating the molecule for 
20 administration depending on the specific route of 
administration being employed. 

This invention is illustrated in the Experimental Detail 
section which follow. These sections are set forth to 
25 aid in an understanding of the invention but are not 
intended to, and should not be construed to, limit in any 
way the invention as set forth in the claims which follow 
thereafter. 
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EXPER IMENTAL DETAILS 

MATERIALS AND METHODS 
5 A- Cell Culture 

All media and reagents used for routine cell culture were 
purchased from Gibco (Grand Island, NY) , Hazelton 
(Lenexa, KS) , or Whittaker M.A. Biologicals 
10 (Walkersville, MD) . Fetal calf serum (FCS) was from 
Hyclone (Logan, UT) . 

A human colon adenocarcinoma cell line, SW480 (ATCC CCL 
228) was used for experiments concerning expression of 

15 the three jas proto-oncogenes and the p53 tumor 
suppressor gene. This cell line was maintained on DMEM, 
15% fetal calf serum (FCS) , 1% Nonessential amino acids 
(NEAA) . Stable transfectants of this cell line were 
selected in the same medium with the addition of G418 

20 (Geneticin, Gibco) to a final concentration of 0,6 mg/ml. 

A human breast adenocarcinoma derived cell line, SK-BR-3 
(ATCC HTB 30) was used for the experiments concerning 
expression of the neu (££bB2) proto-oncogene. This cell 
25 line was maintained on DMEM, 15% FCS and 1 pg/ml insulin. 
Stable transfectants of this cell line were selected in 
this same medium with the addition of G418 to a final 
concentration of 0.4 mg/ml* 

30 A human chronic myelogenous leukemia derived cell line, 
K5S2 (ATCC CCL 243) was used for experiments concerning 
the expression of the phi promoter. 

A human hepatocellular carcinoma derived cell line, Hep3B 
35 (ATCC# HB8064) , was used for transfection of pi asm ids 
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containing the cytomegalovirus (CMV) promoter (used as a 
control for th high throughput screen) . These cells 
ver maintained on MEM:OptiHEM (1:1) supplemented with 
10% FCS. 

5 

A murine embryonic fibroblast cell line, NIH3T3 (ATCC# 
CCL92) , was used for the transfection of plasmids 
carrying the MMTV promoter (a control cell line) ♦ These 
cells were maintained on DMEM, supplemented with 10% FCS. 

10 

B. Construction of the Luciferase-Fusion Reporter Vector 

Unless otherwise indicated, molecular cloning procedures 
were performed essentially according to Maniatis et al. 
15 (42) . Oligonucleotides were synthesized by the 
beta-cyanoethyl phosphoramidite method according to 
protocols provided by the manufacturer of the 
DNA-synthesizer (Model 380A, Applied Biosystems (Foster 
City, CA). 

20 

A mammalian expression shuttle vector was designed to 
allow the construction of the promoter-reporter gene 
fusions to be used in high-throughput screens to identify 
transcriptionally modulating chemicals. Features of the 
25 plasmid are shown in Figure 1, The shuttle vector was 
constructed in several steps* 

The firefly luciferase gene was removed from the plant 
expression plasmid pD0432 (111) (Figure 2) as a 1.9 kb 

30 BamHI fragment and cloned into the BamHI site of pSVL 
(Pharmacia, Piscatavay, NJ) , a mammalian expression 
vector containing the SV40 promoter. The resulting 
plasmid (pSVLuci; Figure 3) was digested with Xhol and 
Sail to produce a 2*4 kb fragment containing the 

35 luciferase coding sequ nces and the SV40 late 
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p lyadenylation site. This fragment was inserted into 
the Xhol site of pMSG (Pharmacia, Piscataway, NJ) , a 
eucaryotic expression vector containing the MMTV 
promoter. The resulting MMTV promoter-lucif erase fusion 
5 plasmid (pMLuci; Figure 4) was used to transfect NIH/3T3 
cells as described below. Similar constructs can be made 
using lucif erase vectors from Clontech (Palo Alto, CA) . 

Six oligonucleotides (pUV-1 through pUV-6) were 

10 synthesized (see Figure 5 for sequence) (SEQ ID NO: 1-6) . 
The sequences of pUV-1, pUV-2 and pUV-3 correspond to a 
multicloning site, the beta-globin leader sequence and 
the first 53 bases of the firefly luciferase coding 
region. The sequences of pUV-4, pUV-5 and pUV-6 are 

15 complementary to the first three oligonucleotides. The 
pUV oligonucleotides were annealed, ligated and inserted 
into the Sall/EcoRI sites of pTZ18R (Pharmacia, 
Piscataway NJ) (Figure 6) . The resulting vector was then 
digested with Smal/PvuII and the oligonucleotide 

20 containing fragment was cloned into the pBluescriptKS (+) 
plasmid (Stratagene, La Jolla, CA) , previously digested 
with PvuII, to yield pDVOOl (Figure 6). Several 
fragments were ligated into pUVOOl to create pUVlOO. The 
luciferase coding sequences (except first 53 bases) and 

25 polyadenylation site were obtained as a 1.8 kilobase 
Xbal/Xmal fragment from pMLuci (section B-l, Figure 4). 
The SV40 early splice site and the SV40 late 
polyadenylation site were obtained as an 871 bp 
Xmal/BamHI fragment from pMSG (Pharmacia, Piscataway NJ, 

30 Figure 7). Both DNA fragments were cloned into pUVOOl, 
previously digested with Xbal/BamHI to yield pUVlOO 
(Figure 7) . 

A 476 bp fragment containing a dimeric SV40 
35 polyadenylation site was then cl ned into the Bell site 
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of pOVlOO (Figure 8) . To do this, a 238 bp BclI/BamHI 
fragment was obtain d from SV40 genomic DNA (BRL) , 
ligat d, digest d with BclI/BamHI, gel isolated, and 
inserted into pUVlOO, resulting in the vector pUV100-3 
5 (Figure 8) • Linkers containing one Sf il and one Not I 
restriction site were then cloned into the PvulI/BamHI 
sites of pUV100-3. Two sets of linkers were synthesized 
containing the Sfil site in opposite orientations 
(oligonucleotides D-linkl and D-link2 and 
10 oligonucleotides R-linkl and R-link2) . The sequences of 
the oligonucleotides (SEQ ID NO: 7-10) were: 

5 1 GATCGGCCCCTAGGGCCGCGGCCGCAT 3 1 (D-linkl) 
5 V ATGCGGCCGCGGCCCTAGGGGCC 3 V (D-link2) 
15 5 1 GATCGGCCCTAGGGGCGGCCGCAT 3 1 (R-linkl) 

5 ( ATGCGGCCGCGGCCCCCTAGGGCC 3' (R-link2) 

The plasmid that contains Delink oligonucleotides was 
named pUV102 and the plasmid that contains R-link 
20 oligonucleotides was named pUV103 (Figure 9) . 

The neomycin resistance gene (neo) was then placed under 
control of the Herpes Simplex Virus thymidine kinase 
(HSV-TK) promoter to generate a resistance cassette which 

25 is free of known enhancer sequences. To do this the 
HSV-TK promoter was synthesized using four 
oligonucleotides (Figure 10) (SEQ ID NO: 11-14) designed 
according to published sequence information (44) , and 
including an Sfil restriction site 5» of the HSV-TK 

30 sequences. These oligonucleotides were phosphorylated, 
annealed, ligated and inserted into pUVlOO digested 
previously with Hindlll/Nhel, generating the vector pTKL 
100 (Figure 11). After verifying the HSV-TK sequence, 
the about 3.5 kb Nhel/Smal fragment was isolated from 

35 pTKLlOO, and th about 0.9 kb BstBI/Bglll fragment 
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containing the neo coding region was isolated from 
pRSVNEO (45) ♦ Th s two fragments were fill d in with 
Klenow polymerase and ligated to form pTKNEO (Figure 12) • 
An additional Sfil site was then inserted 3' of the neo 
5 gene by isolating the about 1.8 kb Sfil/BamHI and about 
2.6 kb Sfil/PVUII fragments of pTKNEO and conducting a 
three way ligation along with a synthesized Sfil 
oligonucleotide generating pTKNE02 (Figure 13) (SEQ ID NO: 
15-16) . The HSV-TK/HEO vector containing an optimized 

10 Kozac sequence was also utilized (Stratagene, La Jolla, 
CA, pMClMEO) . An additional vector was constructed by 
replacing the about 0.9 kb EcoRI/Sall fragment of pTKNE02 
with the about 0.9 kb EcoRI/Sall fragment from pMClNEO. 
This vector was termed pTKNE03. (Figure 14). The Sfil 

15 fragment of pTKNE03, containing the TK promoter and the 
neomycin resistance gene, was cloned into the Sfil site 
of puvi02 to yield puvi06. 

Qjt Molecular Cloning of Oncogene and Tumor Suppressor 

20 Promoters and Insertion into t H A y aTn Ffl 11^11 E xpression 
Shuttle Vector 

Strategy: This section describes (a) the molecular 
cloning of the promoter and transcriptionally modulatable 

25 regulatory sequences of the human (I) neu (c~£X&B2) , (II) 
K -ras , (III) H -ras , (IV) y -ras proto-oncogenes, the (V) 
phi promoter (responsible for the expression of the phi- 
abl oncogene fusion following the translocation event 
characteristically observed in chronic myelogenous 

30 leukemia (generating the Philadelphia chromosome) , and 
the (VI) p53 tumor suppressor gene, and (b) the making of 
constructs where these regulatory sequences control the 
expression of the firefly lucif erase gene* These 
constructs were transfected into cells as described in 

35 below and analyzed for their utility as r porters for th 
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disc very of gene expression modulating comp unds (for 
xample, in a high- throughput screen to identify 
chemicals acting as sp cific transcriptional modulators. 

5 To make such constructs, several kilobases of sequence 
upstream of the transcription start site, along with 5' 
untranslated sequences up to the translation start site 
( ATG) , of a gene of interest were inserted 5 • of the 
lucif erase coding region, along with any additional 

10 sequences (e.g. intronic enhancers) required for properly 
regulated expression of the lucif erase reporter. In this 
way constructs can be made where all sequences upstream 
of their translation start site are from the gene of 
interest, and all coding sequences are from the 

15 lucif erase gene. How this was accomplished for the 
individual oncogenes is described below. 

1. neu (c-erbB2) reporter vector 

20 Oligonucleotide probes based on the published sequence 
(46) of the 5* region of the c^£jjbB2 gene were 
synthesized and used to screen a human leukocyte genomic 
library (Clontech Inc.). A 3.2 kb Bgll fragment from a 
positive plaque, containing the upstream regulatory 

25 elements, the 5 1 untranslated leader and exon 1 was then 
subcloned into pBluscriptKS (+) , generating pNEUOOl. A 
1.8 kb HincII-Ncol fragment from pNEUOOl, containing the 
upstream regulatory elements and most of the 5* 
untranslated leader was purified by preparative gel 

30 electrophoresis and ligated into pUV103 previously 
digested with SnaBI and Ncol, generating pNEU002. Two 
oligonucleotides (SEQ ID NO: 17-18) were synthesized: 



35 



5 1 -CATGGGGCCGGAGCCGCAGTGAGCAC-3 ' and 
5 1 -CATGGTGCTCACTGCGGCTCCGGCCC-3 1 
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These olig nucl otides vere ann aled to n another, 
phosphorylated and ligated into Ncol digest d pNEU002, 
generating pNEU103. The synth tic linker fuses the DNA 
coding for the neu 5 9 untranslated leader to the 
5 lucif erase open reading frame such that the AUG utilized 
for translation initiation of the neu gene forms the 
first codon of the lucif erase gene. The Scal-Xbal 
fragment of pNEU103, containing vector sequences, the 
upstream regulatory elements, the 5 'untranslated leader 

10 and a portion of the lucif erase open reading frame, was 
purified by preparative gel electrophoresis and ligated 
into pUV106 which had previously been digested with Seal 
and Xbal, generating pNEU106 (Figure 15). Linearized 
pNEU106 was used in the transfections to generate the 

15 neg-lucif erase reporter cell lines as described below. 

2j K-ras reporter veptor 

Oligonucleotides based on the published K-ras sequence 
20 (47) were used to isolate two genomic clones by standard 
methods from a human leukocyte library (Clontech) . DNA 
from these two phages was subcloned into pBluscriptKS(+) 
(Stratagene) generating pKS4 and pKSll. 

25 A 4 kb XhoI-StuI fragment of pKSll, containing most of 
intron 1 and exon 1 up to a point 11 bases 5' of the 
point of translation initiation, was isolated by 
preparative gel electrophoresis and ligated into Xhol- 
StuI digested p6EH7Zf (Promega) which had been previously 

30 modified by inserting an adaptor the Apal and Xhol sites 
in the original vector. This adaptor comprised of two 
oligonucleotides (5 1 -TCGAGATCTGAGGCCTGCTGACCATGGGGGCC-3 1 
and 5 1 -CCCATGGTCAGCAGGCCTCAGATC-3 ' ) (SEQ ID NO: 19-20) 
annealed to one another and was used to allow the proper 

35 alignment of the K- ras ATG initiator codon with the 
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lucif erase ORF in the final construct (below) * Th 
resulting plasmid was designat d pGEM715. 



A 3 kb HinDIII-Xhol fragment from pKS4, comprising 2.2 kb 
5 of K-££s untranscribed upstream DNA and sequences coding 
for exon 0 and part of intron 1 was purified by 
preparative gel electrophoresis and ligated into p6EH715 
which ad been previously digested with HinDIII and Xhol 
to generate pGEM7. 

10 

A 7.7 kb HinDIII -Ncol fragment of pGEM7, comprising 2.2 
kb of K -ras upstream regulatory elements, exon 0, intron 
1, and part of exon 1 (to the ATG at the Ncol site) , was 
purified by preparative gel electrophoresis and ligated 

15 int pUV102 which had previously been digested with 
HinDIII and Ncol to generate pKRAS102. The TK-Neo 
fragment from pTKNeo3 was then ligated into the Sf il site 
of pKRAS102 to generate pKRAS106 (Figure 16) , the vector 
used foe transfections to generated the stable reporter 

20 cell lines. 



is ff-ras reporter yeptoy 



A 6.4 kb BamHI fragment, containing the entire H- ras gene 
25 was isolated from a genomic DNA library by conventional 
means. This BamHI fragment was subcloned into the BamHI 
site of pSV2Neo (48) generating pHRASOOl. A 1*7 kb 
BamHI -Mstll fragment containing the H -ras untranscribed 
regulatory elements and the 5' untranslated leader 
30 including intron-1 (up to within 9 bp of the sequences 
encoding the H- jras ATG translation initiation site) was 
purified by preparative gel electrophoresis, and along 
with an adaptor ( 5 1 -TGAGGAGC-3 1 and 5 1 -CATGGCTCC-3 1 
annealed together) ligated into Bglll-Ncol cut pUVl02 
35 g nerating pHRASl02. Th TK~Neo3 fragment of pTKNeo3 was 
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then ligated into th Sfil site of pHRAS102 to generate 
pHRAS106 (Figure 17), th vector used to generate the 
stable H- ras reporter cell line. 

5 P-ra? reporter vector 

oligonucleotides, based on the published sequence of the 
human N -ras gene (57) are synthesized and used to screen 
a human leukocyte genomic library (Clontech) . Positive 

10 plaques are subcloned as 8 kb EcoRI fragments containing 
the upstream regulatory elements, 5' untranslated leader, 
exons 1 and 2, intron 1 and a portion of intron 2, into 
pBluscriptKS (+) , generating pNRASOOl. A 4.5 Kb Ncol- 
HinDIII fragment containing the upstream regulatory 

15 elements and most of the 5 9 untranslated leader, is 
purified by preparative gel electrophoresis and ligated 
along with a 75 bp synthetic HinDIII-Ncol linker, into 
PUV102 which had previously been digested with Ncol, 
generating pNRAS102. The Sfil pTKNeo3 fragment 

20 containing the neomycin resistance gene was then ligated 
into the Sfil site of pNRAS102, generating, pNRAS106 the 
final reporter vector (Figure 18) . 

g t ptg-abl repprter vector 

25 

For the isolation of the phi promoter, five 
oligonucleotides were synthesized which were 
complementary to regions within the first exon. These 
oligonucleotides were used to screen a human leukocyte 

30 genomic library (Clontech) . Positive clones were 
restriction mapped, subcloned and sequenced. One 
subclone contained 534 bases upstream of the putative 
transcription start site (based on a published cDHA 
sequence), the region corresponding to the long 5 V 

35 untranslat d leader (472 bases) , and 175 bases of the 
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coding r gion in th first exon (Figure 19) . This 
subclone was used to construct a series of four promoter- 
lucif erase r porter vectors, ach with a different amount 
of 5 ff upstream DNA* These plasmids are illustrated in 
5 Figure 20. Plasmid 1 consists of the 4 kb Xba I fragment 
ligated into Xba I-Spe I digested pUV103. Plasmid 2 
consists of the 1.2 kb Bgl II-Xba I fragment ligated into 
Bgl II-Xba I digested pUV103. Plasmid 3 consists of Bal 
I-SnaB I deletion of Plasmid 2. Plasmid 4 consists of 
10 the 135 bp Xma I-Xba I fragment inserted into pUV103» 

p?3 reporter vector 

The arrangement of promoters, 5* untranslated exons and 

15 a large (10 kb) first intron precludes the construction 
of a p53 reporter vector which includes all of the 
promoter elements and the complete untranslated leader 
such that the AUG initiator codon of the normal p53 ORF 
becomes the first codon of the lucif erase ORF. As an 

20 alternative, fusion constructs which are similar to those 
successfully employed by others for the analysis of the 
expression of this gene are used* There are two 
promoters which play a role in the regulated expression 
of the p53 tumor suppressor gene. Because it is not yet 

25 clear which of these two promoters is the most important 
for determination of the cellular level of the p53 
protein, two plasmids are constructed, each fusing one of 
the promoters to the lucif erase open reading frame. 
Oligonucleotides based on the published sequence are used 

30 as probes to isolate genomic p53 clones from a human 
leukocyte library (Clontech) . Subclones of this original 
clone serve as a source of the fragments used to 
construct both of the p53 reporter vectors. The p53Pl 
containing region is isolated as a 2.4 kb EcoRI-Xbal 

35 fragm nt essentially as d scrib d in reference (49) . This 
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fragment is r ndered blunt nd d by Klenow fragment and 
ligated into SnaBI digested pDV106, the proper 
orientation of th fragment is confirmed by restriction 
mapping, generating pP531106 (Figure 21) . The p532 
5 promoter is isolated as a 1.4 fcb Xbal-Bglll fragment, 
essentially as described in (50) . The Xbal site is 
rendered blunt ended with Klenow fragment prior to the 
secondary digestion by Bglll. The resulting fragment is 
purified by preparative gel electrophoresis, and this 
10 fragment is then ligated into pUV106 which had previously 
been digested with SnaBI and Bglll, generating pP532106 
(Figure 22). 

Zz cmv reporter vector 

15 

A 580 bp cytomegalovirus genomic fragment containing the 
immediate early promoters and enhancers (51) was ligated 
into pUVlOO previously digested with NotI and Nhel and 
rendered blunt ended by treatment with Klenow fragment, 

20 generating pUVCM. An 888 bp Nael-Xbal fragment from 
pUVGM, including the CMV promoter and enhancers plus a 
portion of the lucif erase coding region, was purified by 
preparative gel electrophoresis and ligated into pUV106 
which had previously been digested with SnaBI and Xbal, 

25 generating pCM106 (Figure 23), the vector used to 
transfect the CMV reporter cell lines. 

fi* Construction of Mini-genes 

30 As a secondary analysis of compounds identified as able 
to repress the synthesis of specific oncogenes, a series 
of "mini-genes* were constructed. A mini-gene is the 
fusion of promoter elements identical to those used to 
construct lucif erase reporter vectors, fused to the cDNA 

35 of the activat d oncogene. Thes constructs, when 
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transfect d into an appropriate host cell line, lead to 
its ph notypic transformation. Comp unds which repress 
the activity of th r gulatory elem nts lead to a 
reversal of the transformed phenotype. The construction 
5 of the c-£rfeB2 and K-xas minigenes are described below . 

The 1.7 kb ££feB2 promoter fragment (Sall-Ncol) was 
10 purified from pNEU102 and combined an Ncol-Sall cDNA 
fragment isolated form a commercially available breast 
carcinoma cDHA library (Clontech) according to the 
supplier's directions. A 26 bp linker was inserted into 
the Ncol site to correctly fuse the untranslated leader 
15 to the ATG initiation codon (Figure 24). 

2^ K-yap piniqene 

The K-ras promoter fragment was isolated as a HinDIII- 
20 Stul fragment from pKRAS106. A K-ras cDNA containing 
plasmid was obtained from the ATCC (ATCC# 41027) and 
mutated by oligonucleotide mutagenesis (Ammersham) to 
generate a cDNA encoding a mutant K -ras protein with an 
aspartic acid at position 12. A Stul-Xhol fragment 
25 containing the K-ra£ coding region was ligated to the 
promoter fragment, generating the final minigene (Figure 
25) . 

E. Liquid Scintillat ion Counter Bioluminescance Assay 

30 

To assay for luciferase expression in transient 
expression assays in the various trans fected clones (see 
below) , cells were incubated with various transcriptional 
inducers in serum free defined media , washed 3 times with 
35 Dulbecco's phosphat -buff r d saline (D-PBS, Gibe ) and 
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lys d in Lysis Buffer 1 (50 mM Tris acetate pH 7.9, 1 mM 
EDTA, 10 mM magn sium acetate, 1 mg/ml b vine serum 
albumin [BSA] , 0.5% Brij 58, 2 mM ATP, 100 mM 
dithiothreitol [DTT] ) . All reagents were obtained from 
5 Sigma except for DTT which was from Boehringer Mannheim. 
After lysis, cell debris was sedimented by brief 
centrifugation, and 950 pi of supernatant extract were 
added to a glass scintillation vial. Samples were 
counted individually in an LKB (Gaithersburg, MD) 

10 scintillation counter on a setting which allows 
measurement of individual photons by switching off the 
coincidence circuit. The reaction was started by 
addition of 50 Ml of 2mM luciferin (Sigma, St. Louis, MO 
or Boehringer. Mannheim, Indianapolis IK) in Buffer B 

15 (Buffer B-Lysis Buffer 1 without Brij 58, ATP and DTT) to 
the 950 fil of lys ate. Measurement was started 20 seconds 
after luciferin addition and continued for 1 minute. 
Results were normalized to protein concentration using 
the Bradford protein assay (BioRad, Richmond CA) or to 

20 cell numbers using Trypan Blue (Sigma) exclusion counting 
in a hemocyt omet er . 

F. Transfection 

25 Cell were transfected by one of three methods, following 
manufacturer's instructions; by calcium phosphate 
precipitation (Pharmacia) , lipofection (Life Technologies 
Inc.) or electroporation (BioRad). In most cases, 25-75 
ng of plasmid DNA, linearized by a single restriction 

30 endonuclease cut within the vector sequences, was 
electroporated into approximately 5 million cells. When 
co-transf ection of a separate neomycin resistant plasmid 
was employed the molar ratio of luciferase fusion plasmid 
to neomycin resistant plasmid was either 10:1 or 20:1. 

35 Neomycin resistant clones were s lected by growth in 
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m dia containing 6418 (Gen tic in, Gibco) . 
& spgthera frlPtUng 

5 To monitor correct and complete stable integration of 
transfected promoter/reporter constructs, stably 
transfected cell clones were subjected to Southern blot 
analysis (52) . Genomic DNA was prepared of each clone to 
be tested and restriction-cut with Dral or another 

10 appropriate restriction endonuclease. After 
electrophoresis, transfer to nylon filters and 
immobilization by UV irradiation using a St ratal inker UV 
device (Stratagene, La Jolla, California) , integrated 
promoter/luciferase fusion constructs were visualized by 

15 probing with radioactively labelled Xbal-EcoRl fragments 
of the lucif erase coding region. Probes were labelled 
using the random primer method (53). since oral cuts in 
the SV40 polyadenylation sites located in the mammalian 
expression shuttle vector just upstream the inserted 

20 promoter sequences as well as downstream of the 
lucif erase coding region, but not in most of the 
promoter sequences used for generating stably transfected 
cell clones, a single fragment should be visualized by 
the probe used. The size of that fragment should be 

25 characteristic for each of the promoter sequences 
analyzed. 

& ISPlatiPll Pf Total CeUujgr RNA 

30 Total cellular RNA was isolated from the luciferase- 
fusion containing cell clones or from untransfected host 
cells following incubation with various transcriptionally 
modulating chemicals known previously to affect gene 
expression. Total cellular RNA was isolated using the 

35 RNAZol method (CINNA/BIOTECX, Friends wood, TX, 
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Lab ratories International, Inc.)* Cells were 

resuspended and lysed with RNAZol s lution (1.5 ml/ 9 cm 
petri dish) and the RNA was solubilized by passing the 
lysate a few times through a pipette. Chloroform was 
5 added to the homogenate (0.1 ml/1.0 ml) , and samples were 
shaken for 15 seconds followed by a 5 minute incubation 
on ice. After centrifuging for 10 minutes, the upper 
phase was collected and an equal volume of isopropanol 
was added. Samples were incubated for 45 minutes at 
10 -20°C, and the RNA was pelleted for 15 minutes at 12,000 
x g at 4°C. The SNA pellet was then washed with 70% 
ethanol and dried briefly under vacuum, 

I. Polymer ase Chain Reaction 

15 

Total RNA was isolated using the approach described 
above, first strand cDNA generated by either oligo dT, 
random hexamer or gene specific oligonucleotide priming. 
Specific amplification oligonucleotides were added, and 
20 the polymerase chain reaction carried out according to 
established methods (54) . 

RNA levels are quant itated by established methods (55) 
which include the addition of varying amounts of a 
25 control RNA and thereby establishing a standard curve. 
PGR products are visualized on an ethidium bromide 
stained agarose gel and are quantitated by measuring the 
incorporation of radiolabeled deoxynucleotide 
triphosphates using liquid scintillation. 

30 

J. Specific PGR mRNA Detection and Quantitation of 
Oncogenes and Tumor Suppressor Genes 

35 Oligonucle tides (SEQ ID NO: 21-34) were designed for th 
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specific detection of each of the genes to be analyzed: 



20 



K -ras : 



H-ras: 



neu ; 



p53: 



M-CSF 



N -ras ; 5 
10 5 



15 phl-abl: 5 

5 



-CTCTTGGATATTCTCGACACACAGCA- 3 • 
-GTGTCTACTGTTCTAGAAGG-3 ' 

GCACGCACTGTGGAATCTGGG- 3 ' 
-ACGTCGAGTACGTCGGCCCCGGTG- 3 « 

-GCCCACGAACTGGCCAAGAGTT- 3 • 
-CTGAGTCCCATCATCACTGCTCTT-3 • 

-CCAATGCCAGCCTGTCCTTCCTGCAG-3 1 
-GATCAAGACCCCTCCTTTCAAGATCT- 3 1 

-ATTCCGCTGACCATCAATAAGGAAG-3 • 
- ATAGCCTAAGACCCGGAGCTTTTCAC- 3 • 

-GATGGAGAATATTTCACCCTTCAG- 3 • 
-CTGACCCTTTTTGGACTTCAGGTGG- 3 ' 

-CTCCAGCCCGCAGCTCCAGGAGTCTG-3 • 
-CCCTCTACACTGGCAGTTCCACCTG- 3 ' 



In each case, these oligonucleotides were chosen to 
25 amplify sequences which span intron splice junctions in 
order to minimalize the nonspecific signal generated by 
contaminating genomic ONA (55) . In the case of the K- 
ras oligos bind to sequences within exons II and III, 
flanking intron 2. In the case of H -ras and N -ras . the 
30 oligos bind to sequences within exons III and IV, 
flanking intron 3. In the case of c -erb B2 . the oligos 
bind to sequences in exons II and IV flanking introns 2 
and 3 and amplifying DNA corresponding to exon III. In 
the case of phl -abl the oligos bind to sequences within 
35 exon III f the bcr region and x n II of abl flanking 
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two introns in the chimeric message and amplifying DNA 
corresponding to exon I £ abl. In the case f p53 the 
oligos bind to s quences within exons IX and XI and 
ampl if y DNA corresponding to exon X • The 
5 oligonucleotides for M-CSF are used in control 
experiments and are complementary to regions of M-CSF 
exons VI and VIII and amplify the region corresponding to 
exon VII. 



10 & High Throughput Qua ntitative PGR 

Current methods for measuring changes in gene expression 
suffer from various limitations. Conventional direct 
analysis of changes in mRNA levels (nuclease protection, 

15 Northern blot, primer extension) lack sufficient 
sensitivity for use with high throughput formats (e.g. 96 
well plate cell culture) . These methods also require 
difficult analytical procedures (e.g. sequencing gels) 
complicating automation. The use of gene fusions 

20 (lucif erase or CAT transcriptional fusions) as 
demonstrated above, provide sufficient sensitivity and 
ease of analysis but require disruption of the native 
transcription unit and loss of chromosomal context, 
leading to potential artifact. This section of the 

25 invention proposes to circumvent the sensitivity 
limitation of direct analysis by using the amplification 
potential inherent in the polymerase chain reaction. 
Combining PGR with the ease of florescence detection of 
will allow direct mRNA analysis in a high throughput 

30 mode. 



35 



The following description outlines a high throughput drug 
screen utilizing direct PCR quantitation of mRNA in its 
most simple format. 
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1. Grow cells . Cells are grown in 96 well microti t r 
plat s as d scribed above. The final det ction step 
is a fluoresc nee measurement, so an opaque (non- 
reflecting black) plate is required. 

5 

2. Add compounds . As with the lucif erase reporter 
screen, compounds are added at several 
concentrations and at several replications. The 
number of duplicate samples required can be 

10 determined statistically after the basic assay is 

formatted (currently, quadruplicates are required) • 

3. Incubate . The incubation time depends on the 
biology of the systems studied* As with the current 

15 luciferase reporter assay, the incubation time is 24 

hours. 

4. Lyse cells : The cells are lysed in a buffer which 
satisfies several important criteria: A. avoidance 

20 of extremes of temperature; B. complete inactivation 

of contaminating cellular nucleases; C. compatible 
with subsequent RNA purification steps; D. rapid 
and efficient lysis. Chaotropic buffers have been 
described which satisfy these requirements. 

25 Guanidine HC1 (6M) will efficiently lyse cells and 

effectively inactivate cellular nucleases. The 
kinetics of nucleic acid hybridization are largely 
unaffected by these conditions. Thus, the 
subsequent RNA purification (separation using 

30 magnetic oligo dT beads, see below) does not require 

a buffer change. 



35 



5. 



Acta gxtern*! control; The exponential nature of the 
PGR amplification step tends to magnify small 
diff r nces in conditions. Key to the usefulness of 
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this appr ach is the car ful inclusion of 
appropriat standards f r control purposes* An 
artificial polyadenylated RNA (generated with phage 
T7 RNA polymerase and commercially available 
vectors, Promega Madison WI) is added at this point. 
This RNA serves as a control for all of the 
following steps: purification, cDNA synthesis, PCR 
amplification, PCR product purification and 
detection. This control RNA is added to several 
lysates at varying concentrations, generating a 
standard curve. 

Purify RNA ; RNA is purified using commercially 
available oligo-dT tagged magnetic beads. These 
beads are added to the lysate, allowed to hybridize 
to the mRNA, brought to the bottom of the plate 
using a strong magnet, and extensively washed to 
remove protein and DNA. 

Synthesize cDNA ; cDNA is generated using the 3' end 
of the bead bound oligo-dT. 

Add PCR primers : Each gene (or control) to be 
assayed requires two oligos. The pair are designed 
so that they span a large intron. This makes the 
amplification much more RNA specific. The short, 
spliced RNA target is much more efficiently 
amplified than the longer, contaminating genomic DNA 
target. One of the oligo pair is tagged at its 5 1 
end with a fluorescent label. The other oligo is 
tagged at its 5» end with biotin (for future 
purification, see below) ♦ Several sets of oligos 
are added to each lysate. A set for each control 
and a set for each gene to be assayed. Every set 
has a diff r nt fluor scent tag. 
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9. PGR Amplification : Simultaneous incubation of many 
plat s is frequently required, so either a larg 
array of blocks or a large capacity c nvection oven 
is necessary. 

5 

10. Purification of PCR products : The PCR products are 
separated from the unreacted oligos using a method 
similar to the one employed for the initial UNA 
purification. Magnetic beads, tagged with 

10 streptavidan are added to the mixture. PCR products 

are tagged on one end with biotin (on the other with 
a fluorescent label) and tightly attach to the 
magnetic beads. The beads, along with the labeled 
oligonucleotides, are brought to the bottom of the 

15 plate with a magnet and extensively washed. 

Alternatively, f luorescently tagged PCR products are 
resolved elect rophoretically and quantitated with a 
scanning gel fluorimeter (Applied Bio systems) . 



20 11* Detection : The plates are read in a 96 well 
fluorimeter (Ammersham) • 



12. Data analysis : A ratio of fluorescence from a 
particular gene's PCR product to the signal from the 

25 "constitutive" internal control gives the relative 

mRNA level. Changes in this ratio indicates a 
change in gene expression. Absolute mRNA levels are 
determined by control experiments using carefully 
quantitated artificial RNAs to construct standard 

30 curves for each gene studied. This establishes a 

given ratio (to the internal control) for a given 
cellular RNA concentration. 
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L. Isolation of Sinai Cell Clon s Containing Various 
Promoter-Luciferase Fusion C onstructs 



1. pHluci into WIH3T3 fMMTV control cell line) 

5 

pMluci and pSV2Neo, an antibiotic resistance plasmid 
(48) , were co-trans fee ted into NIH/3T3 mouse fibroblast 
cells using the calcium phosphate precipitation method 
(56) with a commercially available kit (Pharmacia, 

10 Piscataway HJ) . Two days later, cells were transferred 
to media containing 0.4 mg/ml G418 and were grown for an 
additional 10*14 days. G418-resistant clones were 
isolated by standard methods. Once sufficient cell 
numbers were obtained, clones were analyzed based on 

15 several criteria: constitutive lucif erase production, 
induction of lucif erase expression by dexamethasone (1 
/im, Sigma, St. Louis, HO), satisfactory attachment to 
microtiter plates used in the high-throughput screen (see 
section 6) and acceptable standard deviation in multiple 

20 luciferase expression assays (see below for assay 
protocol) . This analysis was carried out using the 
luciferase assay conditions described above. Of the 
clones which satisfied the above criteria for the high 
throughput screen, one clone, M10, was selected for use. 

25 

2t nen fypsyiQg) into grp3Q 



75 micrograms of the pNEU106 plasmid was linearized by a 
single restriction endonuclease cleavage within the 

3 0 vector backbone and electroporated into HTB3 o human 
breast carcinoma cells. Neomycin resistant clones were 
isolated and tested for luciferase activity. Clones 
testing positive for luciferase production were subjected 
to Southern blot analysis (see below) . The best clone 

35 (pr ducing the highest signal and carrying a single 
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intact copy f the transf ct d DHA) vas utilized for high 
throughput scr ning (d signated cl ne N-2) . 

3. K-ras fp*PA S1061 Into fiW^ Q 

5 

75 micrograms of the pKRASl06 plasmid was linearized by 
a single restriction endonuclease cleavage within the 
vector backbone and electroporated into SW480 human 
breast carcinoma cells. Neomycin resistant clones were 

10 isolated and tested for luciferase activity. Clones 
testing positive for luciferase production were subjected 
to Southern blot analysis (see below). The best clone 
(producing the highest signal and carrying a single 
intact copy of the transfected DNA) was utilized for high 

15 throughput screening (designated clone K-2). 

■ 4t P-ras (PHRA5?1 ) into human colon a^nn c areinoma 

line 



20 75 micrograms of the pHRA52l plasmid was linearized by a 
single restriction endonuclease cleavage within the 
vector backbone and electroporated into a human colon 
adenocarcinoma cell line. Neomycin resistant clones were 
isolated and tested for luciferase activity. Clones 

25 testing positive for luciferase production were subjected 
to Southern blot analysis (see below) . The best clone 
(producing the highest signal and carrying a single 
intact copy of the transfected DNA) was utilized for high 
throughput screening (designated clone H21) 

30 

6. Phi fnPHT.m6) Into lCSfia 

75 micrograms of the pPHL106 plasmid was linearized by a 
single restriction endonuclease cleavage within the 
35 vector backbone and el ctroporated int K562 cells. 
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N omycin resistant clones were isolated and tested for 
luciferase activity. Clones testing positive for 
lucif rase production were subject d to South m blot 
analysis (see below) . The best clone (producing the 
5 highest signal and carrying a single intact copy of the 
transfected DNA) was utilized for high throughput 
screening (designated clone bK108) . 

7. P 53 fpP53UQ6 ^ pP53?jO$) SW48Q 

10 

75 micrograms of both the pPS31106 and pP532106 plasmids 
are linearized by a single restriction endonuclease 
cleavage within the vector backbone and separately 
electroporated into SW480 human colon carcinoma cells. 

15 Neomycin resistant clones are isolated and tested for 
luciferase activity. Clones which test positive for 
luciferase production are subjected to Southern blot 
analysis (see below) . The best clones (producing the 
highest signal and carrying a single intact copy of the 

20 transfected DMA) representing each plasmid are utilized 
for high throughput screening (designated clones P531 and 
P532). 

8. PCM106 into Hen3B fa control cell line) 

25 

Hep3B hepatocellular carcinoma cells were transfected by 
electroporation with 75 micrograms of pGM106 which had 
been linearized by a single Seal cut within the vector 
backbone. Neomycin resistant colonies were isolated and 

30 tested for luciferase activity. Luciferase positive, 
neomycin resistant clones were subjected to Southern blot 
analysis (see below) . The best clone, producing the most 
luciferase activity from a single, correctly integrated 
vector was selected for use as the CMV reporter cell line 

35 in the HTP sere n (this cl ne was d signated CHI) . 
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Cell plating: Dynatech Microlit r 96 veil plates were 
custom pretreated for cell attachment by Dynatech 
5 Laboratories, Inc. (Chantilly, VA) . Alternatively, the 
96 veil plates were treated vith 50 Ml per veil of human 
fibronectin (hFN, 15 nq/ml in PBS, Collaborative 
Research, Bedford, MA) overnight at 37°C. hFN-treated 
plates were washed vith PBS using an Ultravash 2 

10 Microplate Washer (Dynatech Labs) , to remove excess hFN 
prior to cell plating. N-2 (the neu reporter) K-2 (the 
K-££g reporter) and GK1 (the GMV reporter, added as a 
control) maintained in their respective serum media (vith 
0.2 mg/ml 6418) vere vashed vith PBS, harvested by 

15 trypsinization, and counted using a hemocytometer and the 
Trypan Blue exclusion method according to protocols 
provided by Sigma, St. Louis, MO Chemical Company. Cells 
were then diluted into media (vith 0.2 mg/ml 6418), and 
0.2 ml of cell suspension per veil was plated using a 

20 Millipore MultiDrop Dispenser (Millipore Corp, , Bedford, 
MA) . Plates vere incubated overnight at 37°C in a 
humidified 5% C0 2 atmosphere. Chemicals from the chemical 
file of one of Oncogene Science's corporate partners vere 
dissolved in DMSO at concentrations of 3-30 mg/ml. The 

25 next day a fully automated device, as described in U.S. 
patent application #382,483, vas used to incubate 
lucif erase reporter cells in 96-vell microtiter plates, 
transfer chemicals and known transcriptional modulators 
to the cells, incubate cells vith the chemicals, remove 

30 the chemicals by vashing vith PBS, add lysis buffer to 
the cells and measure the bioluminescence produced. The 
cell lysis buffer vas modified to also contain the 
lucif erin. Therefore, lysis of cells and the 
bioluminescence reaction begin simultaneously and the 

35 production of bioluminescent light reaches a maximum at 
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about 5 miru The level of light output d clines by about 
20% within furth r 30 min. For better lysis buffer 
stability bovin serum albumin has been omitted* This 
improved lysis buffer has been shown to remain fully 
5 functional for at least 12 hours, when kept on ice and 
protected from direct light* 
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A. In vivo signal half-l ife of the luciferase reporter 
system 

5 

When screening for inhibitors rather than inducers of 
transcription, the half-life of the reporter molecule 
becomes a crucial parameter in determining the minimal 
incubation time that would be necessary to allow enough 

10 decay of reporter molecules so that the inhibition of 
their synthesis became visible* The oncogene reporter 
cell line were therefore tested for the time dependency 
of luciferase activity after treatment of the cells with 
Actinomycin D, an inhibitor of transcription. This 

15 experiment measured the combined half -life of luciferase 
mRNA and of the luciferase protein and compares the rate 
of signal decay of the H-raa, K-£&£ and c-g£&B2 reporter 
cell lines to a CMV reporter cell line control. Cells 
derived from clones CM1 (CMV) , K-2 (K-ra§J , H21 (H-ras) 

20 and N-2 (c -erft B2) were seeded into 9 6 -we 11 microtiter 
plates and incubated overnight. At time 0, Actinomycin 
D (25 nq/ml) was added. At the times indicated in Figure 
26 f cells were washed with PBS and luciferase activity of 
Actinomycin-treated cells determined as described in 

25 Materials and Methods. The signal from the treated cells 
was compared to the luciferase activity of untreated 
controls. The logarithm of the treated/untreated ratio 
was plotted versus time, this data is shown in Figure 26. 
The calculated half -life of the signal from each of the 

30 four cell lines is shown in table 1. The half -lives were 
found to range from about 3 to 10 hours indicating that 
a 24 hour incubation with a 100% efficient inhibitor of 
transcription would be sufficient to reduce luciferase 
levels to 6% of the control in the tested cell lines. 

35 
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TABLE 1 



Half-life Determinations 



Cell Line 



Reporter 
CUV 



CMl 



6.5 hours 



K2 



K -ras 
H -ras 



6*5 hours 



H21 



10 hours 



N2 



neu 



3 



hours 



B. Southern Blot 

An autoradiogran from a typical Southern blot analysis is 
shown in Figure 27. Genomic DNA from five neomycin 
5 resistant, lucif erase producing clones, transfected with 
the H-ras reporter vector pHRAS106 was digested with 
Dral, blotted and probed as described in Materials and 
Methods, along with two control samples; one consisting 
only of genomic DNA from the untransfected host strain 

10 (SW480) and the other consisting of a mixture of SW480 
genomic DNA and Dral digested pHRAS!06 (to provide a size 
control for the expected band. In this case all five 
clone produced the expected band (and no other) 
demonstrating that the transfected vector had integrated 

15 into the host cell genome with out undergoing gross 
rearrangement. In other transfections, correctly 
integrated vectors represented between 100% and 20% of 
the neomycin resistant, lucif erase producing clones. 

20 c T pcr petectipn «)4 Quantitation 

To test the quantitative ability of the polymerase chain 
reaction, total RNA was isolated form U5637 bladder 
carcinoma cells and diluted in two-fold serial steps to 



WO 92/13091 



PCT/US92/00421 



€1 

yield samples ranging from 4 to 0.05 jig. These RNA 
samples were used to generate cDNA using random primers 
(55) and then mixed with a constant amount of phage 
lambda DNA (0.2 ng) as a control for amplification 
5 efficiency. Alpha-32P-dATP was included in the PCR 
buffer to allow quantitation of the amplified products. 
The M-CSF specific PCR oligonucleotides describe above 
were added to the standard reaction mixture (2 pmoles per 
sample) and PCR carried out for 35 cycles in a Perkin- 

10 Elmer-Cetus thermal cycler. The products of the reaction 
were electrophoresed on a 3% NuSieve agarose gel. The 
gel was dried and used to expose Kodak X-OMAT AR film. 
The resulting autoradiogram is shown in Figure 28. This 
autoradiogram was guantitated using an LKB laser 

15 densitometer, the data are shown in Figure 29. The graph 
plots the amount of M-CSF specific product divided by the 
constant lambda DNA signal. The reaction was clearly 
quantitative for the RNA samples between 0.05 and 1 fxq 
(total SNA) , and proved to be a very sensitive assay for 

20 M-CSF mRNA, which is barely detectable in this cell line 
by conventional SI analysis. 

To test the specificity of the PCR reaction, the oligos 
for detection of c -erb B2 , N -ras f H -ras and K- ras were 

g5 used to amplify cDNA derived from 10 and 0.4 ng of U5637 
total RNA. The data are shown in Figure 30. In each 
sample a sample of phage lambda DNA and lambda control 
oligos was added to control for the efficiency of the PCR 
reaction. This is the uppermost, consistent band in each 

30 lane. In each case the oligos specifically amplifies a 
DNA fragment of the correct molecular weight. A few 
extra bands of unknown origin appear in the c-erbB2 lanes 
and in the lane representing the highest concentration of 
H-ras mRNA. 



35 
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Pr Quality Agsmrepg Are*lYsig 

A number of quality assuranc criteria are routinely 
assessed during the course of high throughput screens. 
5 Data from QA analysis of a portion of Screen III are 
shown in Figures 31-34. Figure 31 shows an analysis of 
the consistency of the luciferase signal on various areas 
of each plate. The ratios of negative control values 
from three different areas within each plate are 
10 calculated and plotted versus plate number. The expected 
value is 1.0. Values greater than 1.5 or less than 0.4 
indicate uneven signal generation across the plate. In 
this example 240 plates, representing 1440 compounds, 
tested against three cell lines, are shown. The 
15 coefficient of variance for the 12 negative control 
values from each of the same 240 plates are represented 
by the data shown in Figure 32. Values less than 20% are 
considered acceptable. Similar data for the 12 positive 
control values of the same plates are shown in Figure 33. 
2£ Figure 34 shows the transcription induction ratio (TIR) 
for the positive controls of one cell line represented in 
the same set of 240 plates. The TIR is the ratio of the 
experimental values to the untreated controls. In this 
case the cell line is the K-ras reporter and the positive 
25 control is Actinomycin D a potent general inhibitor of 
transcription. Three values are shown for each plot, 
representing three different concentrations of 
Actinomycin D. The expected value for such an analysis 
depends on the half life of the signal and the incubation 
30 time (here 24 hours) , but for this combination, typical 
values range from 0.4 to 0.3 fold. 
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E. Hiah-Throucrhput Drug Screen 

Table 2 pres nts the data from a three week high 
throughput screen of 2334 compounds. Three cell lines 
5 were utilized; CK1 (the CMV reporter cell line) as a 
control for nonspecific effects. N-2 (the c -erb B2 
reporter cell line) and K-2 (the K-yag reporter cell 
line) . Each compound was assayed at three concentrations 
in quadruplicate. Each microtiter plate included a 

10 negative control row (no added compound) and a positive 
control row (Actinomycin D at three concentrations) . The 
data are reported as TIR (transcription induction ratio) 
which is the median of the samples quadruplicate values 
divided by the median of the negative control values. In 

15 this case transcriptional inhibitors are sought, so the 
selection criteria for lead compounds is that the test 
promoter be inhibited to 0.4 of the negative control 
while the other cell lines remain within 0.8X of the 
control value. During these three weeks 10 compounds 

20 scored positive for the specific inhibition of the K- ras 
promoter, 19 scored as leads for the inhibition of the c- 
£&B2 promoter and 39 compounds inhibited 
nonspecifically. Compounds scoring as leads in the 
primary screen are repeated and then subjected to 

25 secondary analysis such as effects on the minigene 
trans fectant phenotypes (see above) • 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

5_ 

(i) APPLICANT: Oncogene, Science Inc. 

(ii) TITLE OF INVENTION: Methods of Transcriptionally 
Modulating Expression of Oncogenes and Tumor Suppressor 
10 Genes 

(iii) NUMBER OF SEQUENCES: 34 

(XV) CORRESPONDENCE ADDRESS: 
15 (A) ADDRESSEE: John P. White, Esq. 

(B) STREET: 30 Rockefeller Plaza 

(C) CITY: New York 

(D) STATE: New York 

(E) COUNTRY: USA 
20 (F) ZIP: 10112 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 

#1.25 

(Vi) CURRENT APPLICATION DATA: 
30 (A) APPLICATION NUMBER: 

(B) FILING DATE: 17-JAN-1992 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION: 
35 (A) NAME: White, John P. 

(B) REGISTRATION NUMBER: 28,678 

(C) REFERENCE/DOCKET NUMBER: 26134-EI-PCT 

(ix) TELECOMMUNICATION INFORMATION: 
40 (A) TELEPHONE: 212-977-9550 

(B) TELEFAX: 212-664-0525 

(C) TELEX: 422523 coop ui 



45. (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 



1 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

TGGATCGCA6 CGCTGCCTTT CCT 
23 

lfi (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
15 (c) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



20 



40 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



CATGAGGAAA GGCAGCGCTG CGATCCAGCA C 
2k 31 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TGGCGCAGCG CTCCAGGAGA AGCTG 
25 

(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
5fi (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

5 CGCTATGGAG TT66CTCAA6 CA6CCT6C 

28 

(2} INFORMATION FOR SEQ ID NO: 5: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



15 



(ii) MOLECULE TYPE: DNA (genomic) 



2Sl (Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 5: 

GGCGGGTCTG TAGGCAGGTC GGCTC 
25 

25 (2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
10 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



35 



(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



CAGTAAGAGC TCAGCCCTTG CCCTGGGCAG G 
40 31 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) topology: linear 

50 (ii) MOLECULE TYPE: DNA (genomic) 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CTCCAGCCCG CAGCTCCAGG AGTCTG 
26 

5 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
12 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



15 



30 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



20 CCCTCTACAC TGGCAGTTCC ACCTG 

25 

(2) INFORMATION FOR SEQ ID N0:9: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GGCCAAGGAG GCCGAGAATA TCACG 
25 

40 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 
45 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
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GCCAGACTTC TAC66CCT6C TGCCCGAC 
28 

(2) INFORMATION FOR SEQ ID NO: 11: 

5. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
IS. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



15 



10 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

TCAGCAATTG AGAGCATTCT TAAA 
24 

(2) INFORMATION FOR SEQ ID NO: 12: 



(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 24 base pairs 
21 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

35 GTCCTTGATA TGGATTGGAT GTCG 

24 

(2) INFORMATION FOR SEQ ID NO: 13: 

4£ (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 

(ii) MOLECULE TYPE: DNA (genomic) 



50 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
ACTAATAATG TAAAAGACGT CACTAAATTG 



I 
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30 

(2) INFORMATION FOR SEQ ID NO: 14: 

5. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

10 

(ii) MOLECULE TYPE: DNA (genomic) 



15. (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

TCTCGCTTAT CCAACAATGA CTTGG 
25 

20 (2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 
£5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 



50 



(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



CCAGAACAGC TAAACGGAGT CGCCACACCA CTGTTTGTGC 
15. 40 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 (ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

CATGGGGCCG GAGCCGCAGT GAGCAC 
26 
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(2) INFORMATION FOR SEQ ID HO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 bas pairs 
j> (B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

10 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 17: 

15 CATGGTGCTC ACTGCGGCTC CGGCCC 

26 

(2) INFORMATION FOR SEQ ID NO: 18: 

2SL (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

25. 

(ii) MOLECULE TYPE: DNA (genomic) 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TCGAGATCTG AGGCCTGCTG ACCATGGGGG CC 
32 

35 (2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 
40 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



A5. 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



CCCATGGTCA GCAGGCCTCA GATC 
5J2 24 

(2) INFORMATION FOR SEQ ID NO: 20: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 bas pairs 

(B) TYPE: nucl ic acid 

(C) STRANDEDNESS : singl 

(D) TOPOLOGY: lin ar 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

CTCTTGGATA TTCTCGACAC ACAGCA 
26 

(2) INFORMATION FOR SEQ ID NO: 21: 



(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 20 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 



10 GTGTCTACTG TTCTAGAAGG 

20 

(2) INFORMATION FOR SEQ ID NO: 22: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



45 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

GCACGCACTG TGGAATCTCG G 
21 

5J) (2) INFORMATION FOR SEQ ID NO: 23: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 24 bas pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

5. 

(ii) MOLECULE TYPE: DNA (genomic) 



10. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

ACGTCGAGTA CGTCGGCCCC GGTG 
24 

11 (2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



25 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



GCCCACGAAC TGGCCAAGAG TT 
30 22 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 
21 (A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

4J2. (ii) MOLECULE TYPE: DNA (genomic) 



45 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

CTGAGTCCCA TCATCACTGC TCTT 
24 



(2) INFORMATION FOR SEQ ID NO: 26: 

10 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 bas pairs 
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10 



15 



as 



10 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

CCAATGCCAG CCTGTCCTTC CTGCAG 
26 

(2) INFORMATION FOR SEQ ID NO: 27: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
22 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 



GATCAAGACC CCTCCTTTCA AGATCT 
26 



(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 
IS (A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

AP- (ii) MOLECULE TYPE: DNA (genomic) 



45 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 



AATTCCGCTG ACCATCAATA AGGAAG 
26 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 bas pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: lin ar 

5 (ii) MOLECULE TYPE: DNA (genomic) 



10 



15 



25 



10 



AG 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

ATAGCCTAAG ACCCGGAGCT TTTCAC 
26 

(2) INFORMATION FOR SEQ ID NO: 30: 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

GATGGAGAAT ATTTCACCCT TCAG 
24 

(2) INFORMATION FOR SEQ ID NO:31: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
35 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 



45 CTGACCCTTT TTGGACTTCA GGTGG 

25 

(2) INFORMATION FOR SEQ ID NO: 32: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: lin ar 

(ii) MOLECULE TYPE: DNA (g n mic) 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 32: 

10 CTCCAGCCC6 CA6CTCCA66 AGTCTG 

26 

(2) INFORMATION FOR SEQ ID NO: 33: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



20 



(ii) MOLECULE TYPE: DNA (genomic) 



21 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

CTCCAGCCCG CAGCTCCAGG AGTCTG 
26 

30 (2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



40 



(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 



CCCTCTACAC TGGCAGTTCC ACCTG 
45 25 
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What is claimed is: 



1. A method of directly transcriptionally modulating 
5 the expression of an oncogene or tumor suppressor 

gene, the expression of which is associated with a 
defined physiological or pathological effect within 
a multicellular organism, which comprises contacting 
a cell, which is capable of expressing the gene, 

10 with a molecule at a concentration effective to 

transcriptionally modulate expression of the gene 
and thereby affect the level of the oncogene or 
tumor suppressor gene product (s) encoded by the gene 
which is expressed by the cell, which molecule (a) 

15 does not naturally occur in the cell, (b) 

specifically transcriptionally modulates expression 
of the oncogene or tumor suppressor gene, and (c) 
binds to DNA or RNA, or binds to a protein at a site 
on such protein which is not a ligand-binding domain 

20 of a receptor which naturally occurs in the cell, 

the binding of a ligand to which ligand-binding 
domain is normally associated with a defined 
physiological or pathological effect* 

25 2. A method of claim 1, wherein the molecule does not 

naturally occur in any cell of a lower eucaryotic 
organism. 

3. A method of claim 1, wherein the molecule does not 
30 naturally occur in any cell* 

4. A method of claim 1, wherein the molecule is not a 
naturally occurring molecule. 

35 5. Am thod of claim 1, wher in th cell is a cell of 
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th multicellular rganism. 

6. A method of claim 1, wherein the cell is an animal 
cell. 

5 

7. A method of claim 6, wherein the animal cell is a 
human cell. 

8. A method of claim 1, wherein the transcriptional 
10 modulation comprises upregulation of expression of 

the oncogene or tumor suppressor gene. 

9. A method of claim 1, wherein the transcriptional 
modulation comprises downregulation of expression of 

15 the oncogene or tumor suppressor gene. 

10. A method of claim 1, wherein the molecule binds to 
a modulatable transcription sequence of the gene. 

20 11. A method of claims 1, wherein the molecule comprises 

an antisense nucleic acid. 

12. A method of claim 1, wherein the molecule comprises 
double-stranded nucleic acid. 

25 

13. A method of claim 1 wherein the molecule comprises 
a nucleic acid capable of forming a triple helix 
with double-stranded DNA. 

30 14. A method of claim 1, wherein the gene is an 

oncogene. 

15. A method of claim 14, wherein the oncogene is a c- 
neu gene. 

35 
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16. A method of claim 14, wherein the oncogene is a c-K- 
yas gene. 

17 . A method of claim 14 , wherein the oncogene is a c-H- 
5 ras gene. 

18. A method of claim 14, wherein the oncogene is a c-N- 
ras gene. 



10 



15 



19. A method of claim 14, wherein the oncogene is a E&JLr 
abl gene fusion. 

20. A method of claim 14, wherein the oncogene is a mxs 
gene. 

21. A method of claim 14, wherein the oncogene is a fjas 
gene. 

22. A method of claim 14, wherein the oncogene is a gr£A 
20 gene. 

23. A method of claim 14, wherein the oncogene is a p53 
gene. 

25 24. A method of claim 14, wherein the oncogene is a 

retroviral oncogene. 

25. A method of claim 1, wherein the gene is a tumor 
suppressor gene. 

30 

26. A method of claim 25 wherein the tumor suppressor 
gene is a p53 gene. 

27. A method of claim 25 wherein the tumor suppressor 
35 gene is a retinoblastoma gene. 
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28. A method of claim 25 wh rein the tumor suppressor 
gene is a Wilms 9 tumor gene* 

29. A method of claim 25 wherein the tumor suppressor 
5 gene is a neurofibromatosis type 1 gene. 

30. A method of claim 25 wherein the tumor suppressor 
gene is a DCC gene. 

10 31. A method of claim 25 wherein the tumor suppressor 

gene is an erbA gene. 

32. A method of claim 25 wherein the tumor suppressor 
gene is an adenomatous polyposis coli gene. 

15 

33. A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 
modulating the expression of an oncogene or tumor 

20 suppressor gene, which comprises contacting a sample 

which contains a predefined number of cells with a 
predetermined amount of a molecule to be tested, 
each such cell comprising DNA consisting essentially 
of (i) a modulatable transcriptional regulatory 

25 sequence of the oncogene or tumor suppressor gene, 

(ii) a promoter of the oncogene or tumor suppressor 
gene, and (iii) a DNA sequence encoding a 
polypeptide other than the oncogene or tumor 
suppressor, which polypeptide being capable of 

30 producing a detectable signal, which DNA sequence is 

coupled to, and under the control of, the promoter, 
under conditions such that the molecule, if capable 
of acting as a transcriptional modulator of the 
oncogene or tumor suppressor gene, causes a 

35 measurable detectable signal to be produced by the 
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polypeptide so expressed, quantitatively determining 
the amount of the signal produced, comparing th 
amount so determined with the amount of produced 
signal detected in the absence of any molecule being 
tested or upon contacting the sample with any other 
molecule, and thereby identifying the molecule as 
one which causes a change in the detectable signal 
produced by the polypeptide so expressed, and thus 
identifying the molecule as a molecule capable of 
transcriptionally modulating the expression of the 
oncogene or tumor suppressor gene. 

A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 
modulating the expression of an oncogene or tumor 
suppressor gene, which comprises contacting a sample 
which contains a predefined number of cells with a 
predetermined amount of a molecule to be tested, 
each such cell comprising DNA consisting essentially 
of (i) a modulatable transcriptional regulatory 
sequence of the gene encoding the oncogene or tumor 
suppressor, (ii) a promoter of the oncogene or tumor 
suppressor gene, and (iii) a reporter gene, which 
expresses a polypeptide, coupled to, and under the 
control of, the promoter, under conditions such that 
the molecule, if capable of acting as a 
transcriptional modulator of the oncogene or tumor 
suppressor gene, causes a measurable change in the 
amount of the polypeptide produced, quantitatively 
determining the amount of the polypeptide so 
produced, comparing the amount so determined with 
the amount of polypeptide produced in the absence of 
any molecule being tested or upon contacting the 
sample with any other mol cule, and ther by 
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identifying the molecule as ne which causes a 
change in the amount of th polypeptid expressed, 
and thus identifying the molecule as a molecule 
capable of transcriptionally modulating the 
5 expression of the oncogene or tumor suppressor gene. 

35, A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 

10 modulating the expression of an oncogene or tumor 

suppressor gene, which comprises contacting a sample 
which contains a predefined number of cells with a 
predetermined amount of a molecule to be tested, 
each such cell comprising DMA consisting essentially 

15 of (i) a modulatable transcriptional regulatory 

sequence of the oncogene or tumor suppressor gene, 
(ii) a promoter of the oncogene or tumor suppressor 
gene, and (iii) a DNA sequence transcribable into 
mRNA coupled to and under the control of, the 

20 promoter, under conditions such that the molecule, 

if capable of acting as a transcriptional modulator 
of the oncogene or tumor suppressor gene, causes a 
measurable difference in the amount of mRNA 
transcribed from the DNA sequence, quantitatively 

25 determining the amount of the mRNA produced, 

comparing the amount so determined with the amount 
of mRNA detected in the absence of any molecule 
being tested or upon contacting the sample with any 
other molecule, and thereby identifying the molecule 

30 as one which causes a change in the detectable mRNA 

amount of, and thus identifying the molecule as a 
molecule capable of transcriptionally modulating the 
expression of the oncogene or tumor suppressor gene, 

35 36. A method of claim 33, 34 or 35, wherein the sampl 
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compris s cells in mon layers. 

37. A method of claim 33, 34, or 35, vh rein the sample 
comprises cells in suspension. 

5 

38. A method of claim 33, 34 or 35, wherein the cells 
comprise animal cells. 



39. A method of claim 38, where the animal cells are 
10 human cells. 

40. A method of claim 33, 34 or 35, wherein the 
predefined number of cells is from about 1 to about 
5 X 10 5 . cells. 

15 

41. A method of claim 40, wherein the predefined number 
of cells is from about 2 X 10 2 to about 5 X 10 4 
cells. 



20 42. A method of claim 33, 34 or 35, wherein the 

predetermined amount of the molecule to be tested is 
based upon the volume of the sample. 

43. A method of claim 33, 34 or 35, wherein the 
25 predetermined amount is from about 1.0 pM to about 

20 jiM. 



44. A method of claim 33, 34 or 35, wherein the 
predetermined amount is from about 10 nM to about 
30 500 fM. 



45. A method of claim 33, 34 or 35, wherein the 
contacting is effected from about 1 to about 24 
hours. 



35 
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46. A method of claim 45, vherein the contacting is 
eff cted from ab ut 2 to about 12 hours. 

47. A method of claim 33, 34 or 35, vherein the 
5 contacting is effected with more than one 

predetermined amount of the molecule to be tested. 

48. A method of claim 33, 34 or 35, vherein the molecule 
to be tested is a purified molecule. 

10 

49. A method of claim 33, 34 or 35, vherein the 
modulatable transcriptional regulatory sequence 
comprises a cloned genomic regulatory sequence* 

15 50. A method of claim 33, 34 or 35, vherein the DNA 

consists essentially of more than one modulatable 
transcriptional regulatory sequence. 

51. A method of claim 33 or 34, vherein the DNA sequence 
20 encoding the polypeptide is inserted downstream of 

the promoter of the oncogene or tumor suppressor 
gene by homologous recombination. 

52. A method of claim 33, vherein the polypeptide is a 
25 lucif erase. 

53. A method of claim 33, vherein the polypeptide is 
chloramphenicol acetyl transferase. 

30 54. A method of claim 33, vherein the polypeptide is ft 

glucuronidase • 

55. A method of claim 33, vherein the polypeptide is p 
galactosidase. 
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56. A method of claim 33, wherein the polypeptide is 
n oxaycin ph sphotransf erase. 



57. A method of claim 33, wherein the polypeptide is 
5 alkaline phosphatase. 

58. A method of claim 33, wherein the polypeptide is 
guanine xanthine phosphoribosyl transferase. 

10 59. A method of claim 34, wherein the polypeptide is 

capable of complexing with an antibody. 



60. A method of claim 34, wherein the polypeptide is 
capable of complexing with biotin. 

15 

61. A method of claim 35, wherein mRNA is detected by 
quantitative polymerase chain reaction. 

62. A screening method of claim 33, 34, 35 or 39 which 
20 comprises separately contacting each of a plurality 

of substantially identical samples, each sample 
containing a predefined number of cells under 
conditions such that contacting is affected with a 
predetermined amount of each different molecule to 
25 be tested. 



63 • A screening method of claim 62 , wherein the 
plurality of samples comprises more that about 10* 
samples. 

30 

64 . A screening method of claim 62 , wherein the 
plurality of samples comprises more than about 5 X 
10* samples. 



35 65. 



A method of ess ntially simultaneously screening 
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molecul s to determine whether the molecules are 
capabl of transcripti nally modulating one or more 
ncogenes or tumor suppr ssor g nes which comprises 
essentially simultaneously screening the molecules 
5 against the oncogenes or tumor suppressor genes 

according to the method of claim 62. 



66. A screening method of claim 64 or 65, where more 
than about 10 s samples per week are contacted with 
10 different molecules. 



67. A method for directly transcriptionally modulating 
in a multicellular organism the expression of a 
oncogene or tumor suppressor gene, the expression of 

15 which is associated with a defined physiological or 

pathological effect in the organism, which comprises 
administering to the organism a molecule at a 
concentration effective to transcriptionally 
modulate expression of the gene and thus affect the 

20 defined physiological or pathological effect, which 

molecule (a) does not naturally occur in the 
organism and (b) specifically transcriptionally 
modulates expression of the gene encoding an 
oncogene or tumor suppressor gene product (s) , and 

25 (c) binds to DNA or RNA, or binds to a protein at a 

site on such protein which is not a ligand-binding 
domain of a receptor which naturally occurs in the 
cell, the binding of a ligand to which ligand- 
binding domain is normally associated with a defined 

30 physiological or pathological effect. 



68. A method of claim 67, wherein the molecule binds to 
a modulatable transcription sequence of the gene. 



35 69. A method f claim 67, wherein th m 1 cule comprises 
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an antisense nucleic acid. 

70. A method of claim 67, wherein the mol cule comprises 
a double-stranded nucleic acid molecule. 

5 

71. A method of claim 67, wherein the molecule comprises 
a nucleic acid capable of forming a triple helix 
with double-stranded DNA. 

10 72. A method of claim 67, wherein the multicellular 

organism is a human being. 

73. A method of claim 67, wherein the multicellular 
organism is an animal. 

15 

74. A method of claim 72, wherein the physiological 
effect is the protection of non-neoplastic cells 
from damage by chemotherapeutic agents. 

20 75. A method of claim 72, wherein the defined 

pathological effect is a disorder and modulated 
expression of an oncogene or tumor suppressor gene 
is associated with amelioration of the disorder. 

25 76* A method of claim 72, wherein the defined 

pathological effect is cancer. 

77. A method of claim 72, wherein the defined 
pathological effect is leukemia. 



30 



78. A method of claim 72, wherein the defined 
pathological effect is malignant melanoma. 



35 



79. 



A method of claim 72, wherein the defined 
pathological effect is lung cane r. 



WO 92/13091 



PCT/US92/00421 



91 



80. A meth d f claim 72, wherein the 
pathological eff ct is colon cancer* 



defined 



81. A method of claim 72, wherein the defined 
pathological effect is pancreatic cancer. 

82. A method of claim 72, wherein the defined 
pathological effect is ovarian cancer. 



10 



83. A method of claim 72, wherein the defined 
pathological effect is breast cancer* 



15 



84. A method of claim 67 or 72, wherein the 
administering comprises topical contact. 



85. A method of claim 67 or 72, 

administering comprises oral, 

intravenous, intramuscular or 
administration . 



wherein the 
transdermal , 
subcutaneous 
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Figure 3. 
pSVLuci. 
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Figure 4. 
pMLuci. 



Luciferase Gene 
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Figure 6 
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Figure 7 
Construction f pUV100 
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Figur 8 
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Figur 9 
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Figure 11 
Constuction of pTKUOO 

Luciferase 
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Figure 12 
Construction of pTKNEO 
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Figure 13 
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Figure 16 
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Figure 22 
The Structure of pP532106 
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Figure 23 ^ 
The Structure of pCM106 
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Figure 26 



Relative Intensity 



x 
o 
c 

CO 




WO 92/13091 PCIYUS92/0042I 

27/34 



WO 92/13091 



PCT/US92/00421 



28/34 

Figure 28 
Quantitative PCR 

Lane 

i 2 3 4 5 6 7 8 

> 

♦♦#4 #4^ 4 

* * ^ * * * % £ 



Lambda — 
M-CSF — 



WO 92/13091 



PCT/US92/00421 



29/34 

Figure 29 
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Figure 30 
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Figure 31 
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